Carotid bruits in asymptomatic patients: a prospective follow-up study by Moll, F.L.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/148442
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
CAROTID BRUITS IN ASYMPTOMATIC PATIENTS 
a prospective follow-up study 
+ 
CAROTID BRUITS IN ASYMPTOMATIC PATIENTS 
— a prospective follow-up study — 
F.L MOLL 


Errata 
Biz. 13 regel 13 seperately = separately 
Biz. 21 regel 24 dyploplia = diplopia 
Biz. 78 regel 3 birfucation = bifurcation 
regel 7 bifucation = bifurcation 
Blz. 90 regel 8 Circle = circle 

CAROTID BRUITS IN ASYMPTOMATIC PATIENTS 
- a prospect ive fo l low-up s tudy -
PROEFSCHRIFT 
Ter ve rk r i j g i ng van de graad van doctor in de 
geneeskunde aan de Katholieke Univers i te i t te 
Nijmegen op gezag van de Rector Magnificus 
Prof. D r . J . H . G . I . Giesbers volgens besluit 
van het College van Dekanen in het openbaar 
te verdedigen op donderdag 13 september 1984 
des namiddags te 2.00 uur precies 
door 
Franciscus Laurens Moll 
geboren te Jakarta 
Drukker i j El inkwijk BV Utrecht 
ISBN 90-9000735-0 
Promotores: Prof. Dr . B .P .M. Schulte 
Prof. Dr . S . H . Skotnicki 
Financial suppor t by the Netherlands Heart Foundation and the St . 
Antonius Hospital for the publication of th is thesis is great fu l ly 
acknowledged. 
To Anne Mieke and my parents 

INDEX 
CHAPTER 1 
Int roduct ion 10 
CHAPTER 2 
Embryology and anatomy of the cerebral 
ar ter ia l system 
2.1 Embryology 12 
2.2 Anatomical variat ions 14 
2.3 Collateral c irculat ion 17 
2.4 Dynamics in collateral c i rculat ion 18 
CHAPTER 3 
Outl ine of clinical stages in cerebrovascular 
diseases 
3.1 Asymptomatic status 20 
3.2 Focal cerebral dysfunct ion 20 
3.2.1 Transient ischemic attack 20 
3.2.2 Changing neurological def ic i t 22 
3.2.3 Completed stroke 22 
3.3 Generalized cerebral dysfunct ion 22 
CHAPTER 4 
Diagnostic tests in cerebrovascular diseases 
4.1 Inspect ion, palpation and auscul-
tat ion 24 
4.2 Ar te r iography 28 
4.3.1 Non-invasive diagnostic tests 30 
4.3.2 Cur ren t status of ocular pneumo-
plethysmography (OPG) 33 
CHAPTER 5 
T h e epidemiology of cerebrovascular diseases 
5 .1 Morta l i ty 39 
5 .2 Morb id i ty 40 
CHAPTER 6 
Method and material 
6 .1 Cr i te r ia for pat ient selection and 
discharge 49 
6 . 2 Stat ist ics and r isk factor concept 50 
6 . 3 . Patients 5 1 
6 .4 Assay of c r i te r ia 56 
6 . 4 . 1 Asymptomatic pat ients and EEG 56 
6 . 4 . 2 Carot id b r u i t versus angiography 58 
6 . 4 . 3 OPG versus angiography 59 
CHAPTER 7 
Results 
7 .1 Occurrence and r isk factor analysis 
of cerebrovascular disease 
7 .2 Occurrence and r isk factor analysis 
of progression of stenosis according 
to OPG 
7 .3 Collateral ophthalmic a r t e r y pressure 
( C O A P ) 7 6 
63 
67 
CHAPTER 8 
Discussion and conclusion 
8.1 The clinical signif icance of a b ru i t 
over the carot id b i furcat ion 78 
8.2 The clinical signif icance of a 
carot id stenosis 80 
8.3 Risk factors for the occurrence of 
a carot id stenosis 81 
8.4 The role of the collateral ophthalmic 
a r te ry pressure 82 
SUMMARY 84 
SAMENVATTING 91 
REFERENCES 98 
ACKNOWLEDGEMENTS 111 
CURRICULUM VITAE 112 
CHAPTER 1 
INTRODUCTION 
Af ter ischemic heart disease and carcinoma, diseases of the cerebro-
vascular system are st i l l the leading cause of death in the indus-
tr ia l ized wor ld . Morbid i ty by cerebrovascular ischemia is a major 
health problem. It is estimated that annually at least 20.000 Dutch 
inhabitants are disabled by cerebrovascular in fa rc t ion , which is 80% of 
the overal l incidence of stroke ( T i l b u r g Epidemiological Study of 
Stroke - 1981). 
Ar ter ia l obstruct ions and thrombo-embolic complications from athe-
rosclerosis are the most common cause of brain in fa rc t ion . 
The carot id a r t e r y , responsible fo r the main blood supply of the 
b ra in , has a predel ict ion point for atherosclerosis at its b i furcat ion in 
the neck. Stenosis of the b i furcat ion may cause an audible b ru i t 
(mu rmur ) . The clinical importance of th is b ru i t in the presence or 
absence of cerebrovasular ischemia is not clear. 
Longitudinal epidemiological studies, such as the Framingham study 
(Wolf - 1981) and the study in Evans county , Georgia (Heyman -1980) 
demonstrate that cerebrovascular insuff ic iency occurs more f requent ly 
in patients wi th carot id b r u i t s , than in those wi thout . 
At the time these studies s ta r ted , angiography was the only reliable 
technique for investigat ions of the morphological aspects of athero-
sclerosis. Unfor tunate ly , i t provides less funct ional informat ion, is 
st i l l expensive, and the r isk of complications dur ing and after angio-
graphy has not been el iminated. 
With the development of non-invasive diagnostic tes ts , new areas of 
research became available. Not only morphological, but also funct ional 
information about vascular diseases could be obta ined. Most tests are 
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performed as an outpat ient procedure and the incidence of morbid i ty 
and mortal i ty is n i h i l . 
One of these non- invasive diagnostic tests is ocular pneumoplethys-
mography (OPG), as developed by W. Gee (1974). The OPG simul-
taneously measures the systolic blood pressure in the ophthalmic 
arter ies and detects pressure drops , caused by obstruct ion in the 
carot id a r te ry system. When performed dur ing carot id compression, 
the potential collateral c i rculat ion to the ophthalmic a r te ry pressure 
can be measured. 
In the St . Antonius Hospital , U t recht , The Netherlands, research 
wi th OPG became possible in 1975 th rough the in i t ia t ive of F.E.E. 
Vermeulen, M.D. 
Under his superv is ion, the clinical applications of th is technique were 
thoroughly researched (Eikelboom - 1981), and a s tudy of the cl inical 
fo l low-up and progression of carot id atherosclerosis according to 
repeated OPG examinations was started in asymptomatic patients wi th 
a carot id b ru i t (Moll - 1980). 
The aim of the above-mentioned s tudy was twofo ld : 
1 . To ident i fy those patients most prone to cerebrovascular ischemia 
and/or progression of atherosclerosis in the carot id a r t e r y . 
2. To evaluate the clinical importance of the ophthalmic a r te ry 
pressure du r ing progression of obst ruc t ive carot id disease. 
11 
CHAPTER 2 
EMBRYOLOGY AND ANATOMY OF THE CEREBRAL ARTERIAL SYSTEM 
2.1 Embryology 
In order to understand the var iat ion in blood vessel pat terns or the 
or ig in of developmental vascular lesions, knowledge of the embryology 
of the vascular system is necessary (Kaplan & Ford - 1966). 
As early as the 19th cen tu ry , studies were done on congenital va-
riat ions of the internal and external carot id ar ter ies . In 1844, Richard 
Quain published an atlas wi th detailed descr ipt ions of the var iat ions 
in vessel patterns of the carot ids, which he established at autopsy. 
Init ial studies were done on lower animals to invest igate the pr imary 
stages of embryological development of the vascular system. Af ter 
thorough research, the studies were expanded to include the human 
embryo (Mall - 1905, Sabin - 1917, Congdon - 1922, Padget - 1948). 
The development of the arter ia l system 
The blood vessels have there or ig in in the mesoderm. The r igh t and 
left pr imi t ive aorta develop at an embryological age of one or two 
weeks. They form more or less a continuation of the endocard tube 
and proceed cranial ly at the ventral side of the branchial bowel. The 
pr imi t ive vessel tu rns around and descends caudally at the dorsal 
side. 
The ventra l parts fuse, and form an aort ic sac. When the branchial 
arches develop, each arch has an a r t e r y , or ig inat ing from the aortic 
sac. In th is way, six pairs of arter ies t u r n around the branchial 
bowel and flow into the dorsal aortae. 
They are called branchial ar ter ies , pharyngeal arter ies or aortic 
arches. The aortic arches develop in a cranio-caudal sequence and do 
not exist simultaneous. When the four th arch appears, the f i r s t one is 
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already ¡η regression. 
The first aortic arch eventually forms the primitive mandíbula artery. 
The second aortic arch becomes the hyoid and stapedial arteries. The 
third aortic arch plays an important role in forming the common and 
internal carotid artery. 
Opinions about the origin of the external carotid artery are not 
unanimous. Congdon (1922), observes that after regression of the 
first and second aortic arch, two symmetrical sprouts arise from the 
aortic sac. He calls them pharyngeal arteries, the precursors of the 
external carotid. Padget (1948) noted the origin of the external 
carotid at the ventral side of the third aortic arch, nearby its point 
of origin from the aortic sac. Moffat (1962) endorses the opinion of 
Congdon that the external and internal carotid originates seperately 
from the aortic sac. 
In a later stage, the external carotid artery is observed as a new 
branch of the third arch, which is connected with the remnants of 
the first and second arch. 
The right side of the fourth aortic arch, together with the right 
dorsal aorta, forms the origin of the subclavian artery. The left side 
contributes in the formation of the definitive aortic arch. 
The fifth and sixth aortic arch do not participate in the development 
of the extracranial vascular system. The fifth regresses quickly after 
its lay-out, and the sixth is what we refer to as the pulmonary arch. 
The three most important branches of the internal carotid artery 
intracranially, from proximal to distal, are the posterior, anterior and 
middle cerebral artery. These vessels are the most important blood 
supply of the brain and brain stem during the first seven weeks of 
gestation. 
The vertebral artery develops bilaterally by fusion of the interseg-
mental anastomosis of the first six segmental arteries, and originates 
from the dorsal aorta. These segmental arteries regress and a longi-
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tudinally formed vertebral artery remains. The basilar artery also 
develops bilaterally, and originating from the mesencephalic plexus, it 
stretches longitudinally and fuses into one artery (Gillilan - 1972). 
In the eighth week of gestation, the vertebral and basilar arteries 
fuse and provide the brain stem and posterior part of the brain with 
blood. 
2.2 Anatomical variations 
During the development of the neck, the heart descends into the 
thorax, the carotid arteries are stretched and the carotid arch is 
formed definitively. 
The right common carotid artery orginates from the innominate artery. 
Its average length in adults is 9.8 cm and its caliber 8 to 10 mm. The 
left common carotid artery originates directly from the aortic arch; its 
average length being 11.5 cm and its caliber corresponding with the 
right side. 
Both vertebral arteries originate from the subclavian arteries and 
their average length is 25 cm with a caliber of 5 to 6 mm. 
This classical configuration of the aortic arch and its branches exists 
in only 50% of the adult population (Lazorthes - 1976, 1978). A fre-
quently seen variance is the left common carotid artery originating 
adjacent or from the innominate artery. Also, the left vertebral artery 
frequently originates directly from the aortic arch instead of the sub-
clavian artery. Other variations belong to the rarities. One variation 
worth mentioning, is the right subclavian artery, originating from the 
aortic arch distally to the left subclavian artery, and exerting pres-
sure on the esophagus, causing dysphagia. This variation is known 
as the arteria lusoria, and was f i rst reported by Hunauld in 1735 
(Hunauld - 1935). 
Besides variations of the origin of the extracranial vessels, many 
differences in caliber between the right and left side are noted (Theo-
dorides - 1960, Klinkhamer - 1962, Shuford - 1974). 
Not only differences in caliber are seen, but also unilateral and 
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bilateral internal carot id a r te ry aplasia is noted (Beresini - 1981). 
In the ver tebra l a r te ry dif ferences in caliber between the r igh t and 
lef t side are the ru le , rather than the except ion. 
A radiological s tudy from Krayenbühl and Yasargi l (1957) showed an 
equal caliber in only 26% of the pat ients. In 42% of the patients the 
left side was dominant in respect to the r i gh t side and in 32% the 
r i gh t side was dominant in respect to the left side. 
Hypoplasia occured in 15% of the pat ients, 10% in the r igh t ver tebra l 
a r te ry and 5% in the left ver tebral a r t e r y . Unilateral aplasia was 
found in 5% of the pat ients; 3% in the r igh t ver tebra l a r te ry and 2% 
in the left ver tebra l a r t e r y . 
When the common carot id a r te ry is followed crania l ly , in approximately 
50% of the patients the bi furcat ion appears at the level of the four th 
ve r teb ra . In approximately 30% the b i furcat ion wil l be above the level 
of the f ou r t h ve r teb ra , and in approximately 20% below (Lazorthes -
1976, 1978). 
The external carot id a r te ry supplies c irculat ion to the face, and the 
internal carot id a r te ry continues d i rect ly th rough the carot id canal 
into the sku l l . 
The route of the internal carot id a r te ry is not always s t ra igh t , some-
times i t is coiled or t o r t u r e d . 
Upon ar r iva l in the skul l the internal carot id a r te ry bends fo rwards , 
followed by a t u r n backwards and penetrates the dura mater just 
before the clinoïd process. 
This par t of the root is par t ly inside the cavernous sinus and is 
refered to as the carot id syphon. At th is point small branches - the 
caroticotympanic branches- supply blood to the middle ear. A rare 
occurrence is the presence of persistent embryonal ar ter ies . These 
abnormalit ies are recognized by the connections formed between the 
carot id and basilar t e r r i t o r y , the pr imi t ive t r igeminal , acustica! and 
hypoglossal ar ter ies , and the connections between the carot id and 
ver tebra l t e r r i t o r y , the intersegmental occipital ar ter ies . 
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Lie (1977), ¡η his s t u d y of 3218 angiograms, noted in two cases 
aplasia of the internal c a r o t i d , in one case a deviation of the external 
carot id wi th a f ine network of connections to the base of the s k u l l , 
six cases of a pr imi t ive tr igeminal and two cases of a pr imi t ive hypo­
glossal a r t e r y . 
A f t e r the internal carot id a r t e r y penetrates the dura mater, four 
important branches or ig inate from proximal ly to d i s t a l l y . They are the 
ophthalmic a r t e r y , the posterior communicating a r t e r y which connects 
the basilar a r t e r y , the anter ior cerebral a r t e r y which connects the 
contralateral side by the anter ior communicating a r t e r y , and f i n a l l y , 
the middle cerebral a r t e r y , which is f r e q u e n t l y regarded as the 
continuat ion of the internal c a r o t i d . 
The polygonal anastomosis, which is formed by the mentioned commu­
nicat ing a r t e r i e s , is named after Thomas Will is, who described its 
anatomy in 1664. The numerous var iat ions of th is c ircle wil l be d i s ­
cussed in the paragraph on collateral c i r c u l a t i o n . 
The cervical vertebrae are characterized by the presence of a foramen 
in each transverse process. This foramen, termed the foramen t r a n s -
v e r s a r i u m , transmits the vertebra l a r t e r y from the s i x t h to the se­
cond cervical v e r t e b r a e . The vessel then t u r n s out t h r o u g h the 
canalis v e r t e b r a l i s , bends around the f i r s t cervical v e r t e b r a , -the 
at las-, penetrates the atlantico-occipital l igament, and f inal ly enters 
the skul l t h r o u g h the foramen magnum. 
At the level of the f i r s t and second cervical v e r t e b r a e , some of its 
branches supply c irculat ion to the muscles of the neck. Besides the 
earl ier mentioned hypoplasia and aplasia of the ver tebra l a r t e r y , many 
variat ions are seen at the point of entrance of the vessel into the 
canalis ver tebra l is (Thevenet - 1974). Once in the s k u l l , the v e r t e ­
bral a r t e r y fuses wi th the contralateral vessel at the level of the 
lowest p a r t of the pons and continues in the basilar a r t e r y . 
From the basilar a r t e r y , branches go to the cerebellum and the brain 
stem. 
16 
The posterior cerebral arter ies or ig inate at the end of the basilar 
a r t e r y , these are connected to the internal carot id a r te ry th rough the 
communicating poster ior a r t e r y . 
2.3 Collateral c irculat ion 
Collateral c i rculat ion is the anci l lary c i rculat ion formed by the anas-
tomosing vessels when the pr imary blood supply is obs t ruc ted . 
In the carot id a r te ry system three levels of collateral c i rculat ion can 
be dist inguished (Lazorthes - 1976, 1978). 
The f i r s t level concerns anastomoses of the external carot id a r te ry 
wi th the subclavian and vertebral a r t e r y , homolateral as well as 
contra latera l : the ascending and deep cervical a r t e r y , the super ior , 
in fer ior and occipital t hy ro id a r t e r y , and connecting vessels between 
the two external carot id arter ies over the face. 
The second level consists of anastomoses of branches from the in te r -
nal and external caro t id . These exist at the level of the os petrosum 
(caroticotympanic a r te r ies ) , intracavernous (meningeal ar ter ies) and 
supracavernous (ophthalmic a r te r ies ) . 
The ophthalmic a r te ry connects numerous collaterals at the level of 
the o rb i ta : the facial a r te ry th rough the angular a r te ry to the dorsal 
nasal a r t e r y , the superf icial temporal a r te ry wi th the supra-orb i ta l 
and supratrochlear a r t e r y , and the medial meningeal a r te ry wi th the 
lacrimal a r t e r y . 
Under physiological condit ions the blood flows i n t ra - to ext racran ia l ly . 
The t h i r d level is the connection between the carot id and basilar 
system, formed by the circle of Will is. This polygon forms an impor-
tant potential of collateral c i rculat ion in the event of obs t ruc t ion . 
Normally there is l i t t le mingl ing of the various blood streams, except 
occassionally du r ing movements of the head. The prerequis i te fo r the 
optimal collateral circulat ion is of course a complete c i rcu lus . Unfor-
tunate ly , from autopsy studies, we know that no more than 50% of 
humans have a complete c i rculus (Padget - 1948). 
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Fisher (1965), found ¡η a personal s tudy of 414 unselected autopsies 
60 d i f f e r e n t t y p e s , and only 30% could be classified as normal c i rc les. 
When all the involved arter ies of the c irc le of Willis are classified as 
normal or hypoplast ic, 512 anatomical var iat ions are theoret ical ly 
possible. 
Besides the circle of Will is, other anastomoses between the r i g h t and 
left hemisphere are possible t h r o u g h the pericallosal and marginal 
callosa! ar ter ies. 
2.4 Dynamics in collateral c irculat ion 
The e x t r a - and intracranial arter ia l vascular system has an outstan­
ding collateral c i rcu lat ion. Four factors define the f u n c t i o n i n g of th is 
system. 
- First of a l l , the morphology of the arter ia l system. It is evident 
t h a t , in case of an obstruct ion low in the neck, the developing po­
tential collaterals are more abundant than in case of an obstruct ion 
located in a terminal a r t e r y . For example, the occlusion of the origo 
of the common carotid a r t e r y will general ly cause less severe symp­
toms of cerebrovascular insuf f ic iency, than an occlusion of the middle 
cerebral a r t e r y . The condit ion of the other arter ies is also an impor­
tant factor in the performance of the collateral system. The potential 
of collateral c irculat ion is diminished when additional obstruct ions are 
present (Toole - 1966). 
Rigidi ty of the arter ies increases wi th age. T h e r e f o r e , in older pa­
t ients the potential for adaptation to changing hemodynamical con­
dit ions is great ly diminished (Samila - 1981). 
- The second factor is the composition of the blood. Especially im­
portant is the blood v iscosi ty . In the Framingham s t u d y , the i n c i ­
dence of cerebrovascular accidents was related to a high hematocrit 
(Kannel - 1972). The autopsy study of Tohgi (1978) and the r e t r o ­
spective patient study of Harrison (1981) suggested that reduced 
blood f low, resul t ing from increased blood viscosity associated with a 
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high hematocrit and packed cell volume, adversely effects the devel -
opment of collateral f low. 
- The t h i r d factor is the balance in blood supp ly . This is determined 
by the heart minute volume and the blood pressure fal l over an ob-
s t ruc t i on , in combination wi th the peripheral resistance behind this 
obs t ruc t ion . The greater the pressure drop and the lower the pe r i -
pheral resistance, the easier the blood wil l flow th rough collaterals to 
the t e r r i t o r y behind the obstructed a r te ry (Strandness - 1975). 
- The fou r th factor is the durat ion of the process in which an ar te ry 
becomes obstructed and f inal ly occluded. If the process of occlusion 
progresses gradual ly , the collateral c irculat ion will have a chance to 
develop. This applies especially to old age (Fields - 1972). 
However, the morphological l imits for the dynamics of collateral c i r cu -
lation are determined by embryology. 
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CHAPTER 3 
OUTLINE OF CLINICAL STAGES IN CEREBROVASCULAR DISEASES 
Due to the complexity of the genesis of the disease and of i ts clinical 
manifestations, numerous outl ines are descr ibed. 
However, one system is widely accepted. It is established by the 
Adv isory Council for the National Inst i tu te of Neurological and Com-
municative Disorders and Stroke from the National Inst i tutes of 
Health, under the presidency of C . H . Mil l ikan (1975). In th is clas-
sif icat ion the divisions of clinical s igns, pathophysiology and ana-
tomical var iat ions wil l not always be s t r i c t l y separated. Nevertheless, 
the outl ine appears to be useful in dai ly medical pract ice. 
The clinical stages are dist inguished by asymptomatic, focal and 
generalized dysfunct ion of the b ra in . 
3.1 Asymptomatic status 
This category applies to indiv iduals wi thout symptoms of cerebro-
vascular disease, bu t wi th r isk factors predisposing to f u tu re cere-
brovascular disease. Some of these fac tors , such as hyper tens ion, 
diabetes mel l i tus, cardiac and peripheral ar ter ia l disease and hyper -
lipidemia are l isted in the "Stroke Prone Prof i le" . 
3.2 Focal cerebral dysfunct ion 
This category refers to focal bra in dys func t ion , regardless of the 
nature of the vascular pathology ( e . g . ischemic disease, intracranial 
hemorrhage, a r t e r i t i s ) . 
3.2.1 Transient ischemic attack 
This is an episode of temporary and focal cerebral dysfunct ion of 
vascular o r i g i n , rapid in onset, variable in du ra t ion , normally lasting 
from two to f i f teen minutes, but no longer than 24 hours , wi thout a 
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lasting neurological deficit. Within a period of 24 hours there may be 
only one attack or there may be multiple attacks at varying intervals. 
It is common practice to define these events as related to the carotid 
arterial system or the vertebrobasilar arterial system. 
Signs of focal cerebral dysfunction in the carotid territory are: 
homolateral blindness (amaurosis fugax) 
contralateral motor defect of one or both extremities 
contralateral sensory defect, again involving one or both extre-
mities 
heterolateral, homonymous hemi-anopia 
aphasia 
combinations of the above-mentioned signs 
Signs for the cerebral dysfunction in the vertebrobasilar territory 
are: 
motor deficit in any combination of extremities up to quadri-
plegia, sometimes changing from one side to another in different 
attacks 
sensory deficit in any combination of extremities, including all 
four or involving both sides of the face or mouth, frequently 
bilateral; the distribution may change from side to side in dif-
ferent attacks 
loss of vision, complete or partial in both homonymous fields 
homonymous hemi-anopia 
ataxia 
dyplopia, dysphagia or dysartria; not alone, but in combination 
with one of the other signs 
drop attacks 
combinations of the above-mentioned signs 
The variety of manifestations included in the vertebrobasilar profile 
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makes the potential pat tern of signs considerably more variable and 
complex than in the carot id system. 
Signs concerning the carot id system deal in general wi th the internal 
carot id a r t e r y . The external carot id a r te ry also contr ibutes to focal 
cerebral dys func t ion , for example to amaurosis fugax (Biemans -1974, 
Bogousslavsky - 1981). However, the prerequis i te for pathology from 
this a r te ry is a reversed flow ( in t racran ia l l y ) in the ophthalmic ar -
t e r y . This may occur when the homolateral internal carot id a r te ry is 
occluded. 
3.2.2 Changing neurological def ic i t 
This category refers to patients wi th changing neurological def ic i ts 
d u r i n g the time of observat ion. The def ic i t may be increasing or 
decreasing in sever i ty . The worsening def ic i t is also known as "p ro -
gressive s t roke" or " s t roke- in -evo lu t ion " . 
As in T I A , the or ig in of the changing neurological def ic i t is in the 
carot id or vertebrobasi lar arter ial system. Because of the evolution of 
the def ic i t , it is l ikely that patients will be categorized d i f fe rent ly at 
d i f fe rent t imes. 
3.2.3 Completed stroke 
This category, also known as prolonged neurological def ic i t , refers to 
a relat ively stable neurological def ic i t . Dur ing the period of obser-
vation for categorization l i t t le or no change is noted. 
Duration of signs more than 24 hours , but less than three weeks, are 
sometimes re fer red to as a reversible ischemic neurological def ic i t or 
RIND. A neurological def ic i t ex ist ing more than three weeks, often 
permanent, is commonly defined as completed s t roke. 
3.3 Generalized cerebral dysfunct ion 
This category refers to general ischemia, which results from reduction 
in blood supply to the b ra in , yet is applicable to lesions of a d i f fe -
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rent et io logy. 
The category does not imply the presence or absence of cerebral 
a r te ry disease. Dist inct ion can be made between an acute or gradual ly 
progressive onset. The classic example of an acute onset and br ief 
period of general dysfunct ion is simple fa in t i ng . Cardiac arrest or 
another calamity which may cause an acute decrease in cardiac ou t -
p u t , results in a prolonged period of cerebral dys func t ion . 
A gradual ly progressive onset can be associated wi th some patho-
logical changes in the blood, e . g . pernicious anemia, azotemia, hepa-
t ic disease, or wi th generalized ex t ra - and/or intracranial progressive 
atherosclerosis of the carot id and ver tebra l system, in which the 
cogni t ive funct ion may d imin ish. 
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CHAPTER 4 
DIAGNOSTIC TESTS IN CEREBRAL VASCULAR DISEASES 
The cause of apoplexia or stroke was, unt i l recent ly , located only in 
the brain i tsel f . This point of view changed in the beginning of the 
20th cen tu ry . Many neuropathologists found cerebral infarct ion w i t h -
out evidence of occlusion of nearby intracranial ar ter ies . 
The problem h inder ing f u r t h e r invest igat ion was the taboo to examine 
neck vessels at autopsy in view of the embalment. This changed wi th 
the invent ion of carot id angiography (Moniz - 1927). Al though in the 
beginning angiography implied a surgical procedure and the method 
was r i s k y , i t fostered interest in extracranial ar ter ia l disease. 
The role of internal carot id ar te ry disease in the existence of brain 
infarct ion was emphasized by Fisher (1951). He agreed wi th the 
hypothesis of invest igators in the beginning of the 20th century that 
thrombosis often arises pr imar i ly in an atherosclerotic intima lesion, 
and that thrombotic fragments from this lesion may be t ranspor ted as 
emboli, causing occlusion in distal parts of the blood supp ly . 
The observations of Fisher and his predecessors were confirmed by 
improvement of angiographic techniques. 
Cur ren t l y i t is general ly acknowledged that brain infarct ion may 
develop by i n t ra - as well as extracranial vascular disease (Fields -
1968). 
A f te r the f i r s t successful surgical in tervent ion in extracranial vascu-
lar lesions (Eastcott - 1953), the need for diagnostic tests in cere-
brovascular disease became obvious and its application increased 
rap id ly . 
4.1 Inspect ion, palpation and auscultation 
First in the neurovascular examination are the inspect ion, palpation 
and auscultation of the extracranial vascular system. 
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Inspection 
Inspection is not always a rewarding aspect of the neurovascular ex-
amination, but at times signs of the etiology and pathogenesis of 
cerebrovascular disease are visible. 
In order to increase filling and enhance visibility of the arteries and 
veins to be inspected, the patient should preferably be recumbent 
with the head not elevated above 30°. Normally, pulsations are not 
visible in the neck, except in the suprasternal notch, but they may 
become hyperpulsatile in patients who have hypertension, aortic 
insufficiency or hyperthyroidism. 
The superficial temporal artery may be hyperpulsatile in patients with 
occlusion of the internal carotid artery because of hypertrophy of 
arteries which serve as collateral channels. 
At times, pulsations, which should be visible, are absent in case of 
an obstruction in one of the aortocervicocranial arteries. The most 
common example occurs in temporal arteritis, wherein the superficial 
temporal artery often looses its pulsations (Rüssel - 1959). 
At inspection of the eyes, rubeosis oculi can be a sign of carotid 
occlusion (Hoefnagels - 1964). 
Ophthalmoscopic examination can distinguish arterial hypertension 
and atherosclerosis. Emboli to the retinal vasculature may be asso-
ciated with emboli to the cerebral circulation and may develop tran-
sient monocular blindness as well (Fisher - 1959). 
The veins of the scalp, face and neck are normally collapsed and are 
consequently invisible when the patient is upright. 
A cause of unilateral venous distension is intracranial arterial venous 
malformation, which increases blood flow through the draining veins. 
This results in increased venous return, visible as rapid filling when 
the veins at the base of the neck are gently compressed; the Wadia 
test (Wadia - 1960). 
Another cause of venous distension is obstruction of the cavernous 
sinus on one or both sides (Lemmi - 1960). 
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Palpation 
Palpation of the extracranial vessels is preferab ly done on each side 
simultaneously wi th the f ingers of the r igh t and left hand. In th is 
manner hyper - and hypopulsations are immediately apparent . 
The consistency of the a r te ry as well as its pulsati le character ist ics 
should be noted. Because of the i r close prox imi ty to one another, 
pulsations of external and internal carot id a r te ry cannot be d i f fe -
rent iated by palpation of the neck. 
Dunning (1953), described a method for palpation in the tonsi l lar 
fossa, where pulsations of the internal carot id a r te ry are separate 
from those of the external carot id a r t e r y . This technique is sometimes 
d i f f i cu l t in patients wi th a sensit ive gag reflex or in patients wi th in 
an acute s t roke. 
The ver tebra l a r te ry is not palpable low in the neck. 
Palpation of the subclavian and radial a r ter ies , together with the 
femoral a r t e r y , should be included in rout ine examination. 
Absence or di f ference in ar r iva l time of the pulse on either side will 
suggest pathology of the aortic arch or subclavian ar ter ies , as seen 
in the "subclavian steal syndrome" (Reivich - 1960). 
Auscultat ion 
Because of the growing interest in disorders of the extracranial 
vascular system, auscultation for b ru i ts above the head, neck and 
orb i ts has become a rout ine in neurological examination. 
Normally blood flows th rough vessels in laminar fashion; when this 
pat tern is d is turbed by an i r regu la r i t y in the vessel wal l , vor t ices, 
eddy cur rents and turbulence develop (Strandness - 1975). 
These abnormalities cause v ibrat ion of the vessel wal l , which results 
in sound. Murmurs or b ru i t s are caused by the morphology of the 
vessel wal l , the biomechanical character ist ics of the blood or by a 
combination of the two. Examples of the former are alterations in 
luminal diameter and change in direct ion of f low, such as occurs at 
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bi furcat ions and angulations of the vessels. 
Examples of the lat ter are changes in v iscos i ty , in flow ve loc i ty , or 
changes in pressure gradient across a stenosis or th rough a f i s tu la . 
I t is necessary to d is t inguish transmit ted cardiac sounds from bru i t s 
ar is ing in the anonyma, subclavian, common carot id and internal 
carot id ar ter ies . Therefore , the bell of the stethoscope is f i r s t placed 
over the aort ic valve and then moved cranial ly wi thout using physical 
pressure, which may produce art i factual noise. 
The patient s i t t ing or ly ing with h is /her face s t ra ight forward (neu-
t ra l posit ion) is less l ikely to create sounds d i f f i cu l t to in te rpre t than 
a patient wi th the head tu rned to the r i gh t or left side. 
With the exception of ch i ld ren , a b ru i t over the carot id b i furcat ion 
wil l suggest vascular pathology. 
Hammond (1962), randomly studied 1000 presumed normal ind iv idua ls , 
ranging in age from 2 to 94 years; the study included 594 males and 
406 females. Carot id b ru i t s were heard in 78% of the subjects under 5 
years of age and than became less f requent wi th advancing age, so 
that by the age of 60 only 12% had audible b ru i t s . Sex and race did 
not seem to alter th is pa t te rn . It is possible that the small vessels 
ca r ry ing a relat ively high blood f low, account for the high incidence 
of b ru i ts in ch i ld ren . Perhaps the f lex ib i l i t y and elastic const i tut ion 
of thei r vessels are also factors . 
Moreover, cardiac murmurs occur f requent ly in chi ldren and are often 
transmit ted along the carot id system (Kawabori - 1979). 
Angiographic studies are necessary to compare the results of auscul-
tat ion and the morphology of the examined vessel. Unfor tunate ly , 
these angiographic studies are only performed on patients suspected 
of suf fer ing from cerebrovascular disease (Gi l roy - 1962, Rennie -
1964, Ziegler - 1971, David - 1973, Gautt ier - 1975, Wise - 1979, 
Ueda - 1979, Pessin - 1983). A control group of presumed normal 
indiv iduals wi th a completed angiographic examination does not ex is t . 
Al though these studies vary considerably in patient material , some 
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general conclusions can be d rawn. 
The sever i ty of obstruct ions in the carot id a r te ry cannot be accu-
rately determined by classi fy ing b ru i t s in six levels of in tens i ty , as 
described by Levine (1958) in his s tudy of cardiac murmurs. Classi-
f ication of b ru i t s into sof t , moderate and loud are also not dependable 
in making accurate analysis. The correlat ion between the b ru i t and 
the stenosis of the vessel var ied from 29 to 88%. The correlat ion 
became closer when the narrowing was more severe. However, a lumen 
reduct ion of 80 to 90% reduces the blood flow to such a degree that a 
b ru i t disappears. 
The number of false posit ive tests , which are bru i ts wi thout an 
angiographical ly demonstrated stenosis, var ied from 10 to 30%. In 
some of these cases a severe obstruct ion or occlusion existed at the 
contralateral s ide, which was probably responsible for an increase of 
blood flow at the ipsi lateral carot id a r t e r y . 
Other causes were intracrania l arteriovenous malformations (Rondot -
1982), or changes in the biophysical character ist ics of the blood, for 
example in hemodialysis (Duncan - 1980). 
The false negative tests (15-73%), in which angiographical ly shown 
lesions did not produce an audible b r u i t , var ied more than the false 
posit ive tests (10-30%). The only explanation for th is phenomenon is 
the assumption, that the qual i ty of the invest igat ion as well as the 
method of quant i fy ing the degree of stenosis was not uniform among 
the d i f ferent invest igators. 
In conclusion, a carot id b r u i t , heard in adults suspected of cerebro-
vascular disease, represents in 70 to 90% an ipsi lateral or contralate-
ral carot id lesion. 
4.2 Ar ter iography 
The f i r s t carot id angiogram was performed in 1924, by Moniz (1927), 
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a Portugeese neurologist and neurosurgeon. Through punc tu re , after 
surgical exposure of the carot id a r t e r y , a radiopaque substance was 
injected into the a r te ry and an angiogram was made. Both the punc-
tu re and the contrast media were responsible for morbidi ty and even 
mor ta l i ty . 
The development of organic iodine contrast cont r ibuted to the safety 
of th is invest igat ion, and percutaneous catheter technique for cannu-
lation of the ar ter ies , as described by Seldinger (1952), diminished 
the complications from di rect puncture . 
The qual i ty of the radiological image improved by subtract ion tech-
niques in order to avoid d is tu rb ing double project ions, such as bone 
s t ruc tures (Ziedses des Plantes - 1934). 
Yet a morbid i ty (1-8%) and even mortal i ty (0-2%) of th is invest igat ion 
remained (Mani - 1978, Eisenberg - 1980, Hesse! - 1981). 
The r isk of complications in patients above the age of 60 years is two 
to three times higher than in patients under 60 years (Mani - 1978). 
Since atherosclerosis f requent ly develops eccentr ical ly along the 
vessel wal l , multiplane projections are essential for adequate estima-
t ion of the area of in terest . The tolerable amount of contrast media 
sometimes limits a complete examination. 
Even when studies of good technical qual i ty are obta ined, accurate 
in terpretat ion can not be assured. 
It is recognized more and more that the in terpretat ion of d i rect mor-
phological information may d i f fer considerably from one observer to 
another, even with the same observer on d i f fe rent occasions (B ru ins 
Slot - 1981, Brown - 1982, Thiele - 1983, De Vries - 1984). 
In many circumstances physiological data on pressure and/or flow are 
also necessary for the formulation of a rational plan of the rapy . 
Angiography can not provide this informat ion. Therefore, new tech-
niques are being developed, preferably non- invas ive. 
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Ar ter iography by int ravenously injected contrast media 
Ar te r iography by intravenously injected contrast media was described 
in 1939 by Robb and Steinberg (Ludwig - 1981). 
The technique avoided the morbidi ty associated with arter ia l punc-
t u r e . 
Despite the subtract ion techniques (Ziedses des Plantes - 1934) the 
qual i ty of the images was less than in catheter a r te r iography . The 
low dye concentrat ion in the ar te ry was responsible for the poor 
qua l i t y . 
The visualization of the a r te ry improved by computer enhancement of 
contrast on mult iple images to bui ld up the f inal p ic ture (Mis t re t -
ta - 1973). This technique presents certain d i f f icu l t ies because of its 
limited resolution capabi l i t ies. The patient must remain absolutely 
motionless, is not even allowed to swallow dur ing examination, and 
has to have an adequate cardiac output to insure optimal c irculat ion 
of the contrast media. However, when these technical problems can be 
el iminated, i t is l ikely that the conventional catheterization technique 
will be replaced by intravenous injection of contrast media (De Vries -
1984). 
4 .3 .1 Non-invasive diagnostic tests 
The oldest non- invasive methods are the earl ier mentioned inspect ion, 
palpat ion, and auscultation of the blood vessels. 
The rise of technology and vascular surgery in the seventies, p ro -
moted the development of non- invasive diagnostic techniques in ex t ra -
cranial vascular disease. 
The tests are mainly aimed at the determination of functional and 
hemodynamical changes in blood pressure and/or f low. They should 
not be considered as a replacement of angiography, but may inf luence 
the indication for angiography. 
Theoret ical ly , the ¡deal non- invasive test must be sat isfactory in many 
d i f fe rent condi t ions. It must be a safe non-traumatic method, which is 
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applicable ¡η the vascular laboratory as well as at the bedside, w i t h ­
out complications or contra- indicat ions. Secondly, the method must 
prov ide objective reproducible data about the morphology and the 
hemodynamical signif icance of the vascular o b s t r u c t i o n s . T h i r d , the 
method has to be cost-ef fect ive. 
A method which contains all these condit ions does not e x i s t . Only a 
combination of d i f f e r e n t tests provide suf f ic ient information about the 
q u a l i t y , q u a n t i t y , and location of the vascular lesion (Kempczinski -
1979, Achie - 1980, Ackerman - 1980). 
When more diagnostic methods are necessary, patient stress and 
expenses will equally r ise. T h e r e f o r e , the method of choice depends 
on an indiv idual patient basis and on the clinical consequences. 
In th is s t u d y , patients without evidence of cerebrovascular disease 
but with a carot id b r u i t , were invest igated by means of one of these 
non-invasive methods: ocular pneumoplethysmography (OPG). 
Before descr ib ing th is t e s t , a classif ication of other non-invasive 
tests is out l ined in order to more accurately compare OPG with nume­
rous new techniques. 
Non-invasive diagnostic techniques can be d iv ided into methods f o r 
determination of funct ional and hemodynamical consequences of vascu­
lar lesions, and methods for anatomical imaging. 
Functional examination may be div ided into d i r e c t and indirect exami­
nat ion. 
Direct invest igat ion, if performed in the neck, provides information 
about the carot id b i f u r c a t i o n , the location where atherosclerosis 
usually or ig inates, and which is easily accessible for reconstruct ive 
s u r g e r y . 
The technique can be div ided into "passive" and "act ive" methods. 
The passive methods are extensions of the tradit ional auscultat ion. 
Phono-angiographs (commercial electronic stethoscopes) provide a hard 
copy of oscilloscope t r a c i n g s . Analyzing the f requency content of the 
b r u i t is necessary to determine the degree of stenosis and the source 
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of the b ru i t in the internal or external carot id a r t e r y . 
Each b ru i t has a unique f requency pa t te rn , which can be charac-
ter ized by the break f requency . If two b r u i t sources ex is t , two peaks 
appear. The break f requency also allows evaluation of the residual 
lumen diameter (Lees - 1980, Knox - 1981). 
The active methods involve the use of ultrasonic waves. The pr incipal 
of the operation of ultrasonic flow velocimetry is based on the shi f t of 
sound, ref lected from moving s t ruc tures such as blood. 
This phenomenon was f i r s t described by Doppler (1843) and is known 
as the "Doppler sh i f t " . One early improvement was the abi l i ty to 
detect the direct ion of f low. Flow towards the probe shi f ts the carr ier 
f requency upwards, while flow away shi f ts i t downwards (Mol - 1978). 
Selection of sample volumes is achieved by replacing a continuous 
t ransmit ter and receiver of continuous wave Doppler wi th a pulsed 
t ransmit ter and gated receiver. 
A multigate system, capable of simultaneously detect ing the veloci ty of 
a large number of adjacent sample volumes was developed by Hoeks 
and co-workers (1982). 
The indi rect test evaluates pressure and/or flow in the carot id sy-
phon at the ophthalmic a r t e r y . When the parameters of these tests are 
abnormal, suspicion arises to a lesion in the carot id a r t e r y , which 
drops systolic and/or diastolic pressure at the ophthalmic ar te ry or 
delay pulse ar r iva l there . 
The lesion, responsible for the pressure drop or pulse ar r iva l delay, 
can be located between the heart and the eye. 
Parallel wi th the development of the Doppler, ul trasonic anatomical 
imaging systems were being developed. These systems are based, like 
radar, on the time of f l i gh t of sound and the s t rength of ref lector . 
In the earl iest systems, reflections in time from successively deeper 
t issue planes are plotted on an oscilloscope, wi th depth plotted ho r i -
zontal ly , and amplitude of the reflected wave plotted ver t i ca l l y . 
This amplitude versus depths plot is called amplitude or A-mode. 
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Moving s t ruc tures can be followed by A-mode, bu t i t is d i f f i cu l t to 
evaluate the details of motion. However, i f one dimensional in tens i ty 
mode trace is plotted on photographic paper or a memory screen, wi th 
depth as the one coordinate and time as the o ther , details of motion 
can be examined. Such motion t racings are called M-mode images and 
are used f requent ly in cardiology. 
A two dimensional image can be made by a similar system. The t r ans -
ducer is moved over the s k i n , while the intensi ty mode line is moved 
over the display screen, "pa in t ing " a two dimensional image. Such a 
display is called a B-mode image. 
In earl ier systems, the B-mode probe moved over the skin by the 
hand. Nowadays, the ul trasonic t ransducers are moved mechanically 
or electronical ly over the image f i e ld , producing a fu l l f ie ld display in 
a f ract ion of a second, thus allowing repeated images or "real t ime" 
imaging. 
Strandess and co-workers developed in the Vascular Laboratory of the 
Univers i ty of Seatt le, U . S . A . , a pulsed Doppler system combined wi th 
real time imaging, which is commercially available today. This tech-
nique provides accurate anatomical as well as funct ional informat ion, 
and has a high sensi t iv i ty and speci f ic i ty in the determination of 
carot id b i furcat ion lesions (Breslau - 1982, Ackerstaf f - 1982, Moll -
1983). 
An important l imitation of ultrasonic waves is i ts incapabi l i ty of pene-
t ra t i ng the scalp. Therefore , no d i rect information can be obtained of 
the intracranial route of the carot id and ver tebra l a r te ry system. 
4.3.2 Cur ren t status of ocular pneumoplethysmography (OPG) 
Oculopneumoplethysmography (OPG) is an ind i rec t , non- invasive tech-
n ique, which measures simultaneously the systolic blood pressure in 
the r i gh t and left ophthalmic a r t e r y . This blood pressure represents 
the blood pressure in the carot id syphon. In th is way, vascular le-
sions can be detected, which are located in the route of the carot id 
a r t e r y , and cause a decrease in blood pressure. 
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Bail lart (1917), from France, was the f i r s t to describe a non-invasive 
technique to measure the ophthalmic a r te ry pressure, ophthalmodyna-
mometry. External pressure was applied to the eye globe in order to 
increase ¡ntra-ocular pressure. At the same t ime, the pulsations from 
the fundus arter ies were observed by fundoscopy. From the quant i ty 
of external pressure at the moment of cessation of pulsat ions, the 
ophthalmic a r te ry pressure was calculated. Later, i t appeared that the 
in t ra-ocular pressure could also increase by apply ing negative pres-
sure on the eye globe th rough a suction cup (Galin - 1969, Ulr ich -
1976, S t r i k - 1977). 
Gee combined suction of ophthalmodynamometry wi th plethysmography 
of the eye. He called his technique ocular pneumoplethysmography 
(OPG). 
Animal experiments confirmed the relation between the quant i ty of 
vacuum applied to the eye, the in t ra-ocular pressure and the re -
sul t ing blood pressure of the ophthalmic a r te ry (Gee - 1976, 1977). 
Two independent invest igators confirmed that the ophthalmic a r te ry 
pressure, as measured wi th OPG, is a representat ive of the blood 
pressure in the internal carot id a r te ry (Johnston - 1975, Eikelboom -
1979). 
Performance of the test 
The OPG apparatus is del ivered by Electro Diagnostic Inst ruments, 
Burbank , Cal i fornia, USA. 
Before performing the tes t , the patient is examined for contra-
indications to OPG. A recently performed eye-operat ion, an inf lam-
mation or absence of one eye are absolute contra- ind icat ions. In eye 
d isorders , such as glaucoma, an ophthalmologist is consul ted. 
In th is s tudy , the patient submitted to the test , is placed in a supine 
posi t ion, face s t ra ight f o rwa rd . The eyes are locally anesthetized with 
Novesine 0.40%. 
The cuf f of an automatic blood pressure gauge (Arter iosonde Monitor, 
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Roche) is placed around the upper arm with the highest blood pres-
sure , in order to use the simultaneously measured blood pressure as 
a reference for the OPG tes t . Next , small suction cups are placed 
lateral ly of the corneae on the sclerae and a vacuum between the cup 
and the eye globe is appl ied. 
The apparatus gives a hard copy of the pulse waves brought by both 
eyes. The pulse waves are recorded for 30 seconds when a vacuum of 
300 mmHg is released. The eyes b r ing on pulse waves at the moment 
the in t ra-ocular pressure is below the systolic blood pressure in the 
ophthalmic a r t e r y . Using a conversion table, the ophthalmic a r te ry 
pressure (OAP) can be accurately measured. A vacuum of 300 mmHg 
permits the measurement of the OAP as high as 110 mmHg. 
In 1978, a renewed version of the apparatus became available. Now i t 
is possible to apply a vacuum of 510 mmHg, which correlates wi th an 
OAP of 145 mmHg. 
From our analysis, the fol lowing cr i ter ia for an abnormal OPG were 
established : 
1 . Differences in both OAP's of 4 mmHg or more. 
2. Differences in amplitude of the pulsat ions, i f one or both OAP's 
exceed the upper limit of reg is t ra t ion, which is 145 mmHg. 
3. Equal OAP's of less than 60% of the systolic brachial a r te ry 
pressure. 
The f i r s t and second cr i ter ion demonstrate a hemodynamical s igni f icant 
lesion on the side of the lowest pressure or smallest ampli tude. The 
t h i r d cr i ter ion indicates a bilateral stenosis. 
Clinical applications 
First of a l l , the OPG detects pressure reducing lesions in the carot id 
a r te ry system from the heart to the carot id syphon. In a l i terature 
review of 14 independent studies, Eikelboom (1983) compares the 
results of OPG versus angiography. The method used to measure the 
degree of carot id stenosis in these patients at angiography, was to 
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compare the remaining vessel diameter w i th in the stenosis wi th the 
diameter distal to the carot id bu lbus. The stat ist ical indices to quan-
t i f y the abi l i ty of the test were the sens i t i v i t y , which means the 
abi l i ty to f ind disease when disease is present , and the spec i f ic i ty , 
which means the abi l i ty of the test to indicate no disease when there 
is no disease. 
For detection of a carot id stenosis wi th an angiographic diameter 
reduct ion of 50 to 70% or more, the average sens i t iv i ty was 85% and 
the average speci f ic i ty 92%. 
Secondly, OPG can be performed in combination with a carot id com-
pression tes t , measuring the ophthalmic a r te ry pressure on the side 
of the compression. This is re fer red to as the collateral ophthalmic 
a r te ry pressure (COAP). 
In th is way, object ive information can be obtained about the potential 
collateral c i rculat ion to the ophthalmic a r t e r y . 
Al though Gee (1975) in i t ia l ly used the OPG test fo r quant i f y ing the 
COAP, the carot id compression test experienced l i t t le imitat ion. 
The fear of possible complications is probably responsible for th is 
t r e n d . However, in our experience, compression performed low in the 
neck is a safe procedure. The adequacy of compression can be con-
tro led by an ear pulse detector. 
In the St . Antonius Hospital , Ut recht , over 6000 carot id compression 
tests were performed and only one complication occur red : a patient 
wi th an atherosclerotic plaque in de common carot id a r te ry developed 
a T I A . 
The compression test was temporar i ly followed by signs of cerebral 
ischaemia in 6.3% of the pat ients. A f te r release of the compression, all 
patients recovered completely. These patients wil l probably be at r isk 
i f the i r carot id a r te ry becomes occluded (Eikelboom - 1981). 
Preoperatively the COAP can indicate which pat ient wil l not tolerate 
carot id clamping according to in t ra-operat ive EEG-monitoring (Moll -
1982) ( f i g . 1 ) . 
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OPG and common carot id a r t e r y compression 
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T h i r d , the OPG test can be performed with the neck of the patient 
tu rned in d i f ferent d i rect ions. In this way, the hemodynamical conse-
quences of elongation, coil ing and k ink ing of the carot id a r te ry can 
be researched. However, pressure drops in the carot id a r te ry wi th a 
tu rned head also appeared in some patients wi th angiographical ly 
normal arteries (Eikelboom - 1982). 
In conclusion, if no contra- indicat ions ex is t , OPG is a simple and 
reproducible indi rect non- invasive neurovascular diagnostic tes t . 
It provides funct ional information about the hemodynamical signif icance 
of a carot id lesion, and in combination with carot id compression, the 
potential collateral c i rculat ion to the ophthalmic a r te ry can bp mea-
sured. 
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CHAPTER 5 
THE EPIDEMIOLOGY OF CEREBROVASCULAR DISEASES 
5 . 1 . Mortal i ty 
For many decades cardiovascular diseases have been the leading cause 
of death, not only accounting for one half of all fatal i t ies, but the 
disease responsible for the largest epidemic yet encountered in the 
indistr ia l ized wor ld . Because of the i r dramatic social and economic 
impact, i t is not surp r i s ing that changes in the t rends of cerebro-
vascular disease and ischemic heart disease mortal i ty have been re-
ceived wi th avid in terest . 
Mortal i ty rate t rends for diseases of the c i rcu la tory system, have 
been on the increase since the beginning of this cen tu ry . Hyper-
tension and cerebrovascular disease mortal i ty began a steady decline 
in the early f i f t i es . The decline in cerebrovascular disease mortal i ty 
was preceded by a reduct ion in hypertensive disease mortal i ty and 
both t rends show some similar i t ies. 
The decline in mortal i ty was f i r s t apparent in the 55 to 64 age g roup . 
Subsequent ly, older and par t icu lar ly younger aged groups have bene-
f i ted and the rate of decline has continued progressively in all age 
g roups . A marked sex predominance is absent; although the incidence 
in females was in i t ia l ly h igher , it later became dominant in males ( N i -
cholls - 1983). 
While cerebrovascular disease mortal i ty is l inked with most of the r isk 
factors known to effect atherosclerosis, its preponderant association 
wi th hypertension has been established beyond doubt (Wolf - 1974, 
Kannel - 1983). 
Presumably, the downward t rend seen in recent years is due to the 
increased ut i l izat ion and improved efficacy of ant ihypertensive agents. 
Due to an increased ger ia t r ic populat ion, the absolute number of 
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patients who died of cerebrovascular disease did not decline remark-
ably (Goldstein - 1983). 
In 1965, the Dutch male death rate for cerebrovascular disease was 
10.4%, which was 92.4 deaths per 100.000 male populat ion. The female 
death rate for cerebrovascular disease was 14.9%, which was 105.0 
deaths per 100.000 female populat ion. 
In 1980, the male death rate declined to 8.4%, which was 75.5 deaths 
per 100.000 male populat ion, and the female death rate for cerebro-
vascular disease declined to 13.2%, which was 94.5 deaths per 100.000 
female population ( C . B . S . , Voorburg , The Nether lands) . 
Despite th is propi t ious t r e n d , cerebrovascular disease remains, after 
cardiac disease and carcinoma, the t h i r d leading cause of death. 
5.2 Morbid i ty 
To reduce the incidence and prevalence of cerebrovascular disease i t 
is important to know the natural h is tory of the disease and to ident i fy 
i ts r isk fac tors . 
The National Inst i tu te of Neurological and Communicated Disorders and 
Stroke selected 98 hospitals for one of the most ambitious studies in 
the USA about s t roke. The goal of th is s tudy is to provide val id 
estimates of the incidence, prevalence and costs of acute s t roke. 
Through medical examinations and interviews wi th the pat ients, r isk 
factors for the disease may be ident i f ied and inf luenced by publ ic 
health programs. The prel imary results of the study are published in 
the National Survey of Stroke (Weinfeld - 1981) and agree with recent 
population studies on th is subject in Freder icksberg, Denmark, Frimly 
Park and Dover, England, Carl is le, Wales, Dub l in , Ireland (Ste-
vens - 1980) and T i l b u r g , The Netherlands (Herman - 1980, 1982a, 
1982b). 
From October 1 , 1978 unt i l Apr i l 30, 1981, the c i ty of T i l bu rg main-
tained a population based stroke incidence reg is ter . The average 
annual overal l incidence of stroke per 100.000 population was 174 for 
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total cases, and 145 f o r f i r s t - e v e r cases. Males and older persons 
were at greater r i s k f o r s t r o k e . Most patients were hospitalized 
d u r i n g the init ial phase of the i r a t tack. 
The three-week stroke case fata l i ty was 30% f o r all patients regis­
t e r e d , and var ied s igni f icant ly by age, sex and diagnostic t y p e . 
Evaluation of the relat ionship of the various suspect r i s k factors to 
stroke wi th in th is Dutch community, s u p p o r t the f i n d i n g s of other 
countr ies concerning the greater stroke r i s k of persons wi th systol ic 
and diastolic h y p e r t e n s i o n , heart d i s o r d e r s , and diabetes mel l i tus. 
The presence of overweight and possible t ransient ischemic attacks 
were also found to be related to the stroke onset. No increase in 
stroke r i s k was associated with c igarette smoking. The degree of 
leisure time physical act iv i t ies d u r i n g one's l ife time was found i n -
v e r s i b l y to one's chances f o r s t r o k e . 
Mortal i ty and r i s k factors for cerebrovascular insuff ic iency v a r y from 
population to populat ion. Climate condit ions can prov ide an explana­
t ion when a consistent geographical pat tern f o r disease d i s t r i b u t i o n is 
observed. Environmental temperature has been shown to be related to 
mortal i ty from cerebral in farct ion ( B u l l - 1973) and to casual readings 
of blood pressure (Brennan - 1982). 
Eating f resh f r u i t and green vegetables seems to be associated wi th a 
reduced r isk of early death from cerebrovascular disease, possibly 
t h r o u g h the vitamin С they contain (Acheson - 1983). 
Epidemiological studies of TIA are more d i f f i c u l t to organize than 
those of s t r o k e . As the def in i t ion of TIA indicates, no neurological 
def ic i t is left with the patient after an at tack, which normally lasts 
from 2 to 15 minutes. T h e r e f o r e , many patients do not consult a 
doctor and may even forget to mention the i r attack d u r i n g a medical 
examination. 
Mil l ikan (1980), reviewed 13 studies about the natural h is tory of TIA 
in patients without medical i n t e r v e n t i o n . In f o u r studies, less than 
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20% of the patients developed a stroke dur ing a mean fol low-up of 
three years. These studies d i f fer considerably in patient selection and 
cr i ter ia from the other nine studies. The last group of studies, 
involv ing 903 pat ients, has a longer fo l low-up, some of them up to 15 
years. Within 5 years, 25 to 40% of the patients developed a s t roke. 
The f i r s t year fol lowing a T IA is the most hazardous. Approximately 
half of the patients suf fer a s t roke, 20% wi th in the f i r s t month. Even 
though the r isk of stroke is 5% annually du r ing the second year 
pos t -T IA , i t is more than f ive times the incidence of a normal popu-
lat ion. Thus , for prevent ion of s t roke, i t is important to t reat per-
sons who suffered from a T I A . 
A murmur or b ru i t over the carot id b i furcat ion may imply an i n -
creased r isk of mortal i ty and morbidi ty of cerebrovascular diseases. 
The Framingham cohort s tudy (Wolf - 1981) is a longitudinal s tudy , 
which can be used for the evaluation of the incidence and prevalence 
of such a cervical murmur. The study started in 1966, and 3709 cere-
brovascular asymptomatic persons ( f rom 44 to 80 years of age) were 
rout inely examined for a carot id b r u i t . 
Dur ing 8 years the b ru i t appeared in 66 men and 105 women, all of 
whom were asymptomatic. The incidence increased wi th age equally in 
both sexes from 3.5% in the age group 44 to 54 years to 7% in the age 
group 65 to 79 years. These f igures agree with the study in Evans 
County , Georgia. 
A survey from 1965 to 1969 revealed asymptomatic cervical b ru i t s in 
72 (4.4%) of 1620 persons from 45 years or o lder, wi thout a previous 
h is tory of cerebrovascular insuff ic iency or over t ischemic heart d is -
ease (Heyman - 1980). 
In both studies the incidence was greater in diabetics and hyper ten-
sive subjects. The T IA and stroke rate was greater in patients wi th a 
b r u i t . 
The incidence of myocardial infarct ion and general mortal i ty increased, 
wi th the majority of deaths credited to cardiovascular disease, inc lu-
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ding s t roke. In both studies no relation was found between the caro-
t id b ru i t and the location of the cerebrovascular in farc t ion. Both 
studies conclude that an asymptomatic carot id b ru i t is clearly indica-
t ive for an increased stroke r i sk , chief ly as a general and non-focal 
sign of advanced atherosclerotic disease, and not necessarily as an 
indication for local arter ial stenosis preceeding cerebral in farc t ion. 
Unfor tunate ly , the invest igators in both studies did not use non-
invasive techniques to quant i fy and qual i fy the extracranial ar ter ia l 
disease. 
Early retrospect ive studies of the natural h is tory of asymptomatic 
patients wi th a carot id b ru i t have to contend with the same defect. 
McDowell (1966) studied 43 patients wi th an asymptomatic carot id 
b r u i t . A f ter two years, 65% died and 1 patient succumbed to a s t roke. 
The surv iva l rate was 44% and none of the patients developed symp-
toms of cerebrovascular insuf f ic iency. 
Thompson (1978) studied 138 patients wi th a carot id b r u i t , wi th 
a mean fol low-up of 3.5 years , and a maximum fol low-up of 8 years. 
This study showed a mortal i ty of 36%, 34% wi th in 2 years, 2 patients 
due to a s t roke; 26% developed a TIA and 17.4% a s t roke. He made a 
comparative study of asymptomatic pat ients, who were submitted to 
prophylact ic carot id endarterectomy and concluded that the last group 
of patients had a far bet ter prognosis. However, he mentioned that 
sometimes the conditions of conservat ively treated patients had so 
deter iorated, that even angiography was cont ra- ind icated. In th is 
s tudy most strokes occurred on the side of the carot id b r u i t . 
Cooperman (1978), selected patients who underwent peripheral 
vascular reconstruct ive su rgery . In this g roup , 60 asymptomatic 
patients wi th a carot id b ru i t were compared with 196 asymptomatic 
patients without a b r u i t . The fol low-up ranged from 2 to 7 years, no 
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mean fo l low-up was mentioned. The mortal i ty rate of patients wi th a 
carot id b ru i t was 35%, and twice as many developed T IA 's and strokes 
as compared to the patients wi thout a carot id b r u i t . 
Dorazio (1980), also studied patients known wi th peripheral 
vascular occlusive disease; 97 patients wi th a b ru i t were followed from 
5 to 13 years, mean fo l low-up 7 years. The mortal i ty rate was 37%, 3 
of them due to a s t roke . Of the remaining 61 pat ients, 43% developed 
a T IA and 30% a s t roke , 50% wi th in 2 years and 90% wi th in 6 years. 
Busut i l l (1981), used OPG and Doppler ophthalmic examination to 
evaluate retrospect ively 73 asymptomatic pat ients, wi th a fol low-up 
from 6 months to 4.5 years , mean 3.5 years. According to the non-
invasive tes ts , 62% of the patients had at least one hemodynamical 
s igni f icant carot id stenosis. The remaining 38% had no s igni f icant 
stenosis in the extracranial arter ial system. In the f i r s t g roup , more 
T IA 's and strokes occur red , but were not stat ist ical ly s ign i f icant . 
The relation of a b r u i t to the location of the neurological def ic i t was 
not p roved. 
Dixon (1982), studied 153 patients who underwent cerebral 
angiography up to 10 years ago. Patients wi th severe asymptomatic 
ulcers in the carot id a r te ry had more chance of developing a TIA or 
s t roke , than those with minor vascular lesions. He did not mention a 
relation between the b ru i t and the location of the neurological acci-
dent . 
Prospective studies provide more statist ical information about the 
natural h is tory of asymptomatic patients wi th a carot id b r u i t , than 
retrospect ive ones. 
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Examples of such studies are: 
Gutierrez (1983), studied 87 patients w i t h OPG. The mean f o l ­
low-up was 34 months, maximum 60 months. The mortal i ty rate was 
23%, 3 patients due to a s t r o k e . Patients wi th an abnormal OPG s u g ­
gest ing a hemodynamical s ignif icant stenosis had more T IA 's and 
strokes (24%) than patients wi th a normal OPG (4.8%). The TIA's 
occurred f r e q u e n t l y on the side of the b r u i t . 
Cullen (1983) also used OPG, b u t in combination wi th carot id 
phono-angiography (CPA) and continuous wave Doppler. Patients wi th 
a hemodynamically s igni f icant lesion, which he called "uncompensated 
lesion", developed more TIA's and strokes (24%) than those wi th com­
pensated lesions (11.4%). The dif ference between the two groups was 
most s igni f icant between 24 and 36 months f o l l o w - u p . He followed his 
patients a maximum of 65 months, mean fol low-up 31 months. He d i d 
not mention a possible relation between a carot id b r u i t and the loca­
t ion of the neurological accident. Possible progression of extracranial 
ar ter ia l lesions d u r i n g follow up was not discussed. 
Greenhalgh (1983), assembled 62 patients with a carot id b r u i t 
and 62 age and sex-matched controls wi thout a b r u i t . Al l patients 
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were known to have peripheral arter ia l occlusive disease. They were 
examined with OPG and CPA. 
The mean fol low-up was 24 months, the maximum 39 months. A f t e r 36 
months patients wi th a carot id b r u i t had developed s igni f icant ly more 
TIA's and strokes (15%) ( p < 0 . 0 5 ) than the control g r o u p (5%). The 
number of neurological accidents increased wi th the sever i ty of the 
carot id stenosis, as determined by OPG and CPA. From his r e s u l t s , 
the estimated death rate af ter 3 years is 30% in the carot id b r u i t 
g r o u p , and 10% in those without a carot id b r u i t . Ischemic heart 
disease was the cause of death in the majority of cases, correspon­
ding w i t h results in other studies mentioned. 
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From these prospective studies, i t may be concluded that mortal i ty 
and morbidi ty from cerebrovascular insuff ic iency are d i rec t ly related 
to the sever i ty of extracranial arter ial occlusive disease. Patients wi th 
a carot id b ru i t have higher death rates than those wi thout a carot id 
b r u i t , and the cause of death is often ischemic heart disease. How-
ever , the absence of a carot id b ru i t cannot exclude the presence of 
extracranial ar ter ia l disease. 
This experience agrees with several studies about the incidence of a 
carot id stenosis in asymptomatic patients wi th ischemic heart and 
peripheral ar ter ia l disease. In most of these studies, data about the 
fol low-up results are not published (Turn ipseed - 1980, Kartchner -
1982, Balderman - 1983, Taks - 1983). Only two studies of th is k ind 
(Barnes - 1981, Hennerici - 1982) mention the incidence and p re -
valence of symptoms of cerebrovascular insuff ic iency du r i ng fo l low-up. 
Barnes studied 449 asymptomatic patients who underwent coro-
nary ar te ry bypass surgery or peripheral vascular su rge ry . A carot id 
b ru i t appeared in 9.8% of the patients and in 14% hemodynamically 
s igni f icant extracranial ar ter ia l disease was detected th rough con-
t inuous wave Doppler analysis. The carot id b ru i t correlated poorly 
wi th the size of carot id stenosis. The patients were followed a maxi-
mum of 2 years, mean fol low-up 1 year. Patients wi th extracranial 
carot id disease (14%) had more T l A's and strokes (13.9%) than those 
(86%) wi thout extracranial disease (0.8%). The mortal i ty was s ign i f i -
cantly higher in the f i r s t group (p < 0.001). The use of anticoagulants 
or antiplatelet aggregation agents was not mentioned. 
Hennerici (1982) also used continuous wave Dopper to examine 
122 asymptomatic patients who were at r isk because of coronary heart 
disease or peripheral vascular disease. The majority of the patients 
used ant i -platelet aggregation agents, non were treated with an t i -
coagulants. He followed his patients a maximum of 36 months, mean 
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fo l low-up 17 months. A f te r a mean fol low-up of 17 months, the mor-
ta l i t y rate was 19%, 3 patients due to a s t roke. Of the remaining 99 
pat ients, 8% developed a T I A , and 1% a s t roke. A combined carot id 
and ver tebra l lesion as determined by continuous wave Doppler, was 
found to be the only s igni f icant indicator of cerebrovascular r i sk , 
which was 6 times greater than that for uni lateral or bi lateral carot id 
lesions. 
By l i fe- table analysis, the cumulative stroke rate was 7%, i r respect ive 
of death or su rv i va l , the same as the average r isk of death in a 
normal populat ion. However, the probabi l i ty of extracranial ar ter ia l 
disease progression was 85%. Unfor tunate ly , the author does not 
mention the incidence of carot id b ru i t s . 
Besides these studies about the natural h is tory of asymptomatic pa-
t i en ts , many studies exist about the asymptomatic carot id a r te ry in 
symptomatic patients or in patients who were submitted to uni lateral 
carot id endarterectomy. 
The clinical fol low-up of the t e r r i t o r y belonging to the asymptomatic 
carot id a r te ry is done in several studies (Javid - 1970, Humphries -
1976, Kanaly - 1977, Moore - 1978, Durward - 1982, Feldmann -1983). 
In l i te ra tu re , these studies are st i l l compared wi th re t ro - and pros-
pective studies about asymptomatic pat ients. This leads to d i f ferent 
opinions about the treatment of asymptomatic patients wi th ex t ra -
cranial ar ter ia l disease. 
In 1982, Lodder and Krom concluded from the i r l i terature review that 
in asymptomatic patients angiography and carot id endarterectomy is 
never indicated. However, they do not reject periodical examination of 
asymptomatic patients wi th a carotid b r u i t . 
In 1983, Yatsu and Hart are not so absolute in the i r conclusions. 
According to the i r op in ion, an indication for prophylact ic carot id end-
arterectomy does exist in selected asymptomatic pat ients. Unfor tuna-
te l y , they do not provide selection c r i te r ia . 
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There was a wide d ive rs i t y of opinions when physicians were asked 
how they would manage the i r own asymptomatic carot id b ru i t .Too le 
(1981) polled 582 physic ians, of whom 20% chose non- invasive tes t ing , 
followed by angiography; 24% took Asp i r in and had non- invasive 
tes t i ng ; 35% requi red additional non- invasive test ing before tak ing 
any other act ion; 21% either ignored the b ru i t completely (10%) or 
were unsure of the next course of action (11%). 
In conclusion, a scient i f ical ly based management of s t roke r isk factors 
does not yet ex is t . Recently developed non- invasive diagnostic tech-
niques may of fer a promise to increase the precision of diagnosis of 
carot id disease and to choose the r i gh t s t rategy for in tervent ion and 
rest i tu t ion of cerebral func t ion , perhaps even prevent ion of s t roke. 
A precise evaluation of these non- invasive diagnostic techniques is 
therefore indispensable (Goldstein - 1983). 
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CHAPTER 6 
METHOD AND MATERIAL 
Since June 1975 physicians collaborating with the St . Antonius Hos-
p i ta l , U t recht , The Netherlands, were informed about the faci l i ty to 
send the i r pat ients, suspected to have extracranial arter ial disease, 
for OPG examination in the Vascular Laboratory. This included a-
symptomatic patients wi th a carot id b r u i t . 
I t was decided to check this last group of patients annually (Moll -
1980). The patient as well as the re fe r r ing physician were informed 
about the results of the examination. 
6.1 Cr i ter ia for pat ient selection and discharge 
Patients had to fu l f i l l three conditions to be included in the pros-
pective fo l low-up s tudy . 
No sign or symptom of cerebrovascular insuf f ic iency, inc luding 
vertebrobasi lar insuf f ic iency. The physician responsible was specially 
t ra ined in the neurological interview and examination in selecting 
proper candidates. In case of doubt , a neurologist was consul ted. 
An audible carot id b i furcat ion b r u i t . A patient wi th a murmur, 
t ransmit ted from the thorax along the carot id a r t e r y , was excluded 
from the s tudy . 
No contra- indicat ions to perform OPG. A recently performed eye 
operat ion, an inflammation or absence of one eye, were absolute 
contra- ind icat ions. In eye d isorders , such as glaucoma, an ophthalmo-
logist was consul ted. 
The candidates were adul ts , wi thout age res t r i c t ion . The re fe r r ing 
physician (general pract i t ioner or medical special ist) decided on the 
possible medical treatment of the pat ient , such as the use of an t i -
hyper tens ive agents or anticoagulant therapy . 
The fo l low-up of the candidate was discontinued if symptoms of cere-
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brovascular insuf f ic iency ocu r red , in case of death , in case of per-
formance of a prophylact ic carot id endarterectomy or i f the candidate 
refused cooperation to continue the s tudy . 
6.2 Statist ics and r isk factor concept 
Statist ical analysis was performed wi th SPSS-package. For continuous 
var iables, the Kruskal-Wall ice test was used. In in t ra-pat ient com-
parison the Wilcoxon matched pairs test was used. For categoral data 
the Chi-square test was used, and for surv iva l data the Lee-desu 
stat is t ic . Surv iva l was estimated wi th the actuarial method. 
The def in i t ion of a r isk factor was rest r ic ted to character ist ics of an 
ind iv idua l . 
For the causal role of a r isk factor , two condit ions had to be f u l -
f i l l ed : 
In one or more categories the probabi l i ty for the appearance of 
the phenomenon has to be high and in the other low. 
The r isk factor has to be causally related to the phenomenon. 
For example, the phenomenon is " ra in in Nieuwegein on a certain day" 
and the r isk factor is "presence or absence of rain in U t rech t " . The 
conclusion wil l be that " ra in in Utrecht" often is accompanied by " ra in 
in Nieuwegein", and "absence of rain in Nieuwegein" often by "ab-
sence of rain in U t rech t " . Yet i t is not conclusive that " ra in in 
Utrecht" causes " ra in in Nieuwegein". 
Among the numerous r isk factors proposed for coronary heart and 
cerebrovascular disease, the fol lowing character ist ics of the patient 
were col lected: age, sex, left or r ight -handedness, heart disease, 
peripheral ar ter ia l disease, diabetes mel l i tus, tobacco consumption, 
anticoagulant and/or antiplatelet aggregation therapy , carot id b i f u r -
cation b r u i t , systolic brachial a r te ry pressure, ophthalmic a r te ry 
pressure as measured wi th OPG wi th and wi thout common carot id 
compression. 
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The OPG and the systolic blood pressure were monitored wi th the 
pat ient in supine position and at res t . 
Because of economical aspects and/or the burden for the pat ient , the 
fol lowing r isk factors were not evaluated. 
The medical family h i s to ry , possible overweight and physical ac t iv i ty 
of the patient were not systematically recorded. 
The treatment of hypertension was not evaluated, because the an t i -
hypertensive agents and diets were so var ied in k i n d , dosage and 
t ime, that a consequent r isk factor could not be subt rac ted. 
The systolic brachial a r te ry pressure was the only reliable pressure 
that could be measured from the automatic blood pressure monitor that 
was used. Previous research showed that systolic hypertension was as 
important in r isk factor analysis as diastolic hypertension (Wolf -1974, 
Kannel - 1983, Chobanian - 1983). In th is s tudy , no f u r t he r attempt 
was made to evaluate the diastolic blood pressure. 
6.3 Patients 
From September 16th, 1975, unt i l Apr i l 9 t h , 1981 405 asymptomatic 
patients wi th a carot id b ru i t were admitted to the s tudy . The fol low-
up was ended is September 1983, and every patient had the oppor-
t un i t y to be followed at least two years. Dur ing the time of the study 
1422 OPG examinations were performed. The day of the last exami-
nation or the day one of the cr i ter ia for discharge appeared, was 
considered to be the last day of fo l low-up for the pat ient . 
Telephone interviews wi th the patients were not done. 
Because of the results of thei r f i r s t non- invasive examinations, the 
re fe r r ing physicians advocated in 32 asymptomatic patients a p ro -
phylact ic carot idendarterectomy. In all of the patients a hemodyna-
mically s igni f icant stenosis was found , often in combination wi th a 
poor collateral c irculat ion as quant i f ied wi th carot id compression 
tes t i ng . A coronary a r te ry bypass procedure was simultaneously 
performed in 28 of these 32 carot id endarterectomies, in all cases 
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with in 3 months af ter the f i r s t examination. These patients were 
discharged from fo l low-up. Also, wi th in 3 months af ter the f i r s t 
examination, another 4 patients died of a cardiac cause. Thus , 369 
patients could be followed at least 3 months. 
The data of 369 patients followed at least 3 months. 
Most patients were re fer red to the vascular laboratory by the depar t -
ment of cardiology (n=177), followed by surgery (n=120), internal 
medicine (n=23), neurology (n=21), pulmonology (n=14), other specia-
lisms (n=5) and general pract i t ioners (n=9) . 
Age and sex 
At thei r f i r s t examination the mean age of 262 men was 61.3 years , 
standard deviation 9.1 years , minimum age 31 years , maximum age 81 
years. The mean age of 107 women was 61.8 years , standard deviation 
10.7 years, minimum age 27 years, maximum age 80 years. 
Right or left-handedness 
319 patients were r i gh t -handed ; 45 le f t -handed; in 5 patients i t was 
not ver i f ied whether they were r igh t or le f t -handed. 
The cardiovascular status 
In 139 patients no signs of cardiac disorders were present . Angina 
pectoris disabled 115 pat ients; 43 of these patients experienced a 
myocardial in fa rc t ion . In 24 patients a h is tory of myocardial infarct ion 
was known, but complaints of angina were not present . Coronary 
ar te ry bypass procedures were done in 27 patients and an aortic 
valve operation in 1 pat ient . An in t ravent r icu lar pacemaker was 
implanted in 20 pat ients. 
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The per ipheral ar ter ia l status 
Peripheral ar ter ia l disease was not diagnosed in 178 pat ients. Per i -
pheral ar ter ia l occlusive disease was present in 147 pat ients: 140 
patients wi th claudication in termi t tens, 5 wi th ischemic res t -pa in , and 
2 wi th thrombangit is obl i terans. Peripheral vascular reconstruct ive 
surgery for ar ter ia l occlusive disease was performed in 42 pat ients; in 
24 patients an abdominal reconstruct ion was performed, in 13 patients 
a per ipheral bypass procedure and in 5 a combined abdominal and 
per ipheral ar ter ia l reconst ruct ion. An abdominal aortic aneurysm was 
resected in 2 pat ients. 
Diabetes mellitus 
A small group of patients (n=35) was known to have diabetes mel l i tus. 
In 12 patients the disease was regulated only by a d ie t , 17 patients 
were t reated medically, and 6 patients were insul ine-dependent. 
Tobacco consumption 
The majority of patients (n=318) had smoked or was st i l l smoking. 
Only 51 patients never smoked and 36 patients stopped smoking wi th in 
one year before the f i r s t examination; 81 patients had stopped smo-
king for more than one year. 
A f requency of more than 5 cigarettes dai ly was known in 172 pa-
t ien ts , and 5 patients smoked less than 5 cigarettes da i ly ; 3 patients 
only smoked a p ipe, 19 patients only cigars and 2 chewed tobacco. 
Anticoagulat ion and antiplatelet aggregation therapy 
In 186 patients no anticoagulant agents were prescr ibed, and 169 
patients used Coumarin (Sintrommitis 86, Marcoumar 22). In all pa-
t ients the anticoagulant therapy was control led by regular thrombo-
tes ts . 
Persant in, as antiplatelet aggregation agent, was prescr ibed in 12 
pat ients, and in combination with Coumarin in 61 pat ients. Only 2 
patients used Aspi r in 500 mg dai ly . 
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The carot id b i furcat ion b r u i t 
520 carot id b i furcat ion b ru i t s were heard in 369 pat ients. Bilateral 
b ru i t s were present in 151 pat ients. A r igh t -s ided uni lateral b ru i t 
was present in 129 patients and a lef t -s ided uni lateral b ru i t in 89 
pat ients. 
Systolic blood pressure 
The mean systolic brachial a r te ry pressure on the r i gh t side was 
156.6 mmHg. In one patient an occlusion of the brachial a r te ry occur-
r e d , and the blood pressure could not be measured in the convent io-
nal way. The maximum blood pressure was 260 mmHg, the median 
157.7 mmHg. 
The mean systolic brachial a r te ry pressure on the left side was 155.3 
mmHg; on th is side also an occlusion of the brachial a r te ry occur red , 
and blood pressure could not be measured. The maximum blood pres-
sure was 250 mmHg, the median 154 mmHg. 
Ophthalmic a r te ry pressure 
The absolute value of the ophthalmic a r te ry pressure, as measured 
with OPG, provides no information about the hemodynamical s ign i f i -
cance of a carot id lesion. Only a di f ference of at least 4 mmHg be-
tween the r i gh t and left pressure, or when both pressures are below 
60-70% of the systolic brachial a r te ry pressure, a un i - or bi lateral 
hemodynamically s igni f icant carot id lesion is suspected. 
The init ial OPG examination was normal in 302 pat ients; a hemodyna-
mically s igni f icant carot id lesion was indicated on the r igh t side in 22 
pat ients, on the left side in 23 pat ients, and on both sides in 22 
pat ients. 
Mutual comparison of r isk factors 
Age, sex, r igh t or lef t-handedness, heart disease, peripheral ar ter ia l 
disease, diabetes mel l i tus, tobacco consumption, anticoagulant and 
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antiplatelet aggregation therapy, carotid bifurcation bruits, systolic 
blood pressure and ophthalmic artery pressure were compared two by 
two. Some of the risk factors were more significantly represented in 
one of the other categories than the other risk factor. Systolic blood 
pressures below 160 mmHg appeared significantly less frequent in 
patients younger than 60 years (p=0.001) ( f i g . 2 ) . There was no sex 
predominance ( f i g . 3 ) . 
The blood pressure was independent of other risk factors. 
In ischemic cardiac and peripheral arterial disease, anticoagulant 
treatment was used significantly more (p=0.001) than in patients 
without ischemic disease. However, a significant correlation with age 
and hypertension did neither exist in the anticoagulant treatment, nor 
in the other risk factors. Also, the earlier mentioned risk factors did 
not demonstrate a significant correlation with each other. 
In the evaluation of potential risk factors for cerebrovascular in­
sufficiency, the unequal balance of the systolic blood pressure and 
anticoagulant therapy in different groups of patients must be taken 
into account. 
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6 . 4 Assay of c r i t e r i a 
In some patients from this s t u d y , we were able to compare the results 
of electro-encephalography (EEG) wi th the diagnosis asymptomatic 
pat ients, and the results of catheter angiography wi th the results of 
carot id b i furcat ion auscultation and OPG. 
6.4.1 Asymptomatic patients and EEG 
EEC's were performed on 225 patients wi th in three months of the f i r s t 
examination of the pat ients. The EEG of one pat ient , a woman of 67 
years, indicated possible cerebrovascular insuf f ic iency, despite the 
fact that the patient was asymptomatic. 
Synek (1974) demonstrated in patients with signs of cerebrovascular 
insuff ic iency after carot id compression tests, that EEG disorders ap­
peared between 10 and 40 seconds af ter the onset of carot id com­
pression. EEG and OPG monitoring d u r i n g carot id compression were 
performed d u r i n g 30 to 40 seconds. The adequacy of carot id com-
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pression was control led by an ear pulsed detector . 
Research from Moll (1982), demonstrated that the COAP, in combi-
nation wi th EEG and carot id compression, was valuable in selecting 
those patients who will not tolerate carot id clamping under general 
anesthesia and su rge ry . This was manifested by in t ra-operat ive EEG 
monitor ing of the pat ient . Of the 126 patients s tud ied, 11 patients 
showed EEG disorders du r ing carot id clamping (8.7%). All patients 
had pre-operat ive EEG changes du r ing carot id compression or a COAP 
below 30 mmHg, or both cr i ter ia (sens i t i v i ty 100%). However, 28 
patients satisfied the same EEG and OPG resu l ts , but tolerated carot id 
clamping according to in t ra-operat ive EEG monitoring (speci f ic i ty 
75%). 
In th is s tudy of asymptomatic patients wi th a carot id b r u i t , the same 
relat ion was noted. In 8 patients EEG disorders appeared du r ing r igh t 
carot id compression. In these patients the mean COAP was 13.3 mmHG, 
standard deviation 18.1 mmHg. The COAP/BAP ratio was 0.30, s tan-
dard deviation 0.14. 
In the 152 patients who tolerated r i gh t carot id compression wi thout 
EEG changes, the mean COAP was 57.8 mmHg, standard deviation 
22.2 mmHg; the COAP/BAP ratio 0.37, standard deviation 0.15. 
These data agree with left carot id compression in which 12 patients 
showed EEG changes dur ing compression. The i r mean COAP was 12.7 
mmHg, standard deviation 14.4 mmHg and the COAP/BAP ratio 0.10, 
standard deviation 0 . 1 1 . 
In patients who tolerated left carot id compression, the mean COAP 
was 56.3 mmHg, standard deviation 23.8 mmHg, and the COAP/BAP 
ratio was 0.36, standard deviation 0.16. 
On both sides, the di f ference in COAP in mmHg and in rat io wi th the 
brachial a r te ry pressure was stat ist ical ly related ( p < 0.05) at the 
expense of the side where EEG changes appeared du r ing carot id 
compression. 
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Conclusion 
EEG disorders suggest ing cerebrovascular insuff ic iency are rarely 
found in asymptomatic pat ients. 
I f EEG changes appeared dur ing carot id compression, the COAP, as 
measured with OPG, wil l be s igni f icant ly lower than in cases wi thout 
EEG changes. 
6.4.2 Carotid b r u i t versus angiography 
A carot id b ru i t or murmur occurs f requent ly in ch i l d ren . In adults 
above the age of 50, a carot id b ru i t wil l often be a sign of ex t ra -
cranial ar ter ia l disease (Gautier - 1975). 
Dur ing the fo l low-up s tudy of the pat ient , the re fe r r ing physician or 
consulted specialist f requent ly requested an angiography. The reason 
for th is invest igat ion was the suspicion of an important hemodynamical 
lesion in the carot id a r te ry system, as detected by non-invasive 
techniques or the development of symptoms of cerebrovascular insuf-
f ic iency. A comparison could be made wi th the angiographical results 
of the extracranial ar ter ia l system and carot id auscultation in 113 pa-
t ients wi th a mean age of 59.9 years (± 7.6 years ) . 
In order to avoid a high observer dependence in the classification of 
the intensi ty of a b r u i t , only the presence or absence of a carot id 
b i furcat ion b r u i t , as established by the stethoscope, was recorded. A 
b ru i t was auscultated in 89% (50/56) of the angiographical ly demon-
strated internal carot id a r te ry stenoses of 50 to 80% diameter reduc-
t i on . The more severe the carot id stenosis, the less f requent a b ru i t 
was auscul tated. On the side of occlusion of the internal carot id 
a r t e r y , a carot id b ru i t was auscultated in 44% (12/27) . 
In patients wi th no b ru i t on one side and yet an ipsi lateral stenosis 
of 50 to 80% (6 /56 ) , the systolic brachial a r te ry pressure was not 
s igni f icant ly lower than in those patients wi th an equal stenosis and 
an audible b r u i t . In 23 of 27 patients wi th a uni lateral carot id occlu-
s ion, a carot id b ru i t was heard at the contralateral side, in which the 
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Stenosis was less than 50% ¡η 9 pat ients. In these pat ients, the b r u i t 
is possibly credited to the increased flow in the remaining patent 
internal carot id a r t e r y . 
An additional argument f o r th is explanation is the ophthalmic a r t e r y 
p r e s s u r e , which was s igni f icant ly (p=0.04) lower when the open 
carot id a r t e r y was compressed in patients wi th a b r u i t (mean 54.0 
mmHg) than in patients wi thout a b r u i t (mean 77.6 mmHg). In other 
w o r d s , i f a uni lateral carot id a r t e r y occlusion results in a poor col­
lateral pressure in the contralateral ophthalmic a r t e r y , the flow in the 
contralateral a r t e r y is probably increased. 
In one pat ient , the external carot id a r t e r y stenosis was over 50%, 
while the internal carot id a r t e r y stenosis was less than 50%. In other 
cases, the internal carot id a r t e r y stenosis exceeded the external 
carot id a r t e r y stenosis. 
In two pat ients, k i n k i n g of the carot id a r t e r y was probably respons­
ible f o r the b r u i t . No angiographical abnormalities could be demon­
strated in 4 pat ients. 
Conclusion 
When a carot id b i furcat ion b r u i t was auscultated, ipsi lateral or contra­
lateral extracranial arter ia l disease was angiographical ly demonstrated 
in the majority of patients (98%). However, the absence of a b r u i t d id 
not exclude pathology of the extracranial ar ter ies. 
Influence of the systolic blood pressure on the presence of a carot id 
b r u i t could not be detected. 
The hemodynamical consequences of the contralateral carot id a r t e r y in 
uni lateral carot id occlusion were suggested by the presence or ab­
sence of a b r u i t . This hypothesis was supported by the results of 
OPG, when the open carot id a r t e r y was compressed. 
6.4.3 OPG versus angiography 
In th is s t u d y , 113 OPG tests could be compared with catheter angio­
g r a p h y . 
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As previously out l ined, the fol lowing cr i ter ia for an abnormal OPG 
were used: 
1 . Differences in both ocular arter ia l pressures of 4 mmHg or more. 
2. Differences in amplitude of the pulsations in one or both ocular 
arter ia l pressures exceeding the upper limit of reg is t ra t ion , 
which is 145 mmHg. 
3. Both ocular arter ia l pressures being equal , but less than 60% of 
the systolic brachial a r te ry pressure. 
The f i r s t and second cr i ter ion demonstrate a hemodynamically s ign i -
f icant lesion at the side of the lowest pressure of smallest ampli tude. 
The t h i r d cr i ter ion indicates a bilateral stenosis. 
The corresponding angiographical stenosis considered to be s ign i f i -
cant , was 65% diameter reduct ion or more. The diameter reduct ion 
expresses the ratio of the remaining vessel diameter wi th in the ste-
nosis wi th the diameter distal to the carot id bu lbus . 
A normal OPG was found in 48 patients of whom 45 patients demon-
strated less than 65% diameter reduction of the internal carot id a r te ry 
at angiography. In 3 patients the OPG test was false negat ive. In 1 
patient a uni lateral s igni f icant stenosis existed and in 2 patients a 
bi lateral severe stenosis appeared. 
In 25 pat ients, OPG suggested a hemodynamically s igni f icant stenosis 
in the r i gh t carot id a r t e r y , which was correct in 24 pat ients. In 1 
patient a s igni f icant stenosis was not f ound . 
In the left carot id a r t e r y , a hemodynamically s igni f icant stenosis was 
suspected in 33 pat ients, that agreed wi th catheter angiography in 27 
pat ients. In 7 pat ients, cr i ter ia for a bi lateral hemodynamically s ign i -
f icant stenosis, according to OPG, was present . This was correct in 5 
cases, but in 2 patients a s igni f icant stenosis was not found at angio-
graphy (table 1 ) . 
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If OPG is used f o r the detection of a hemodynamically s igni f icant 
stenosis, and not f o r i d e n t i f y i n g the side of a stenosis, the sensi­
t i v i t y in th is material is 95% (57/60), and the specif ic i ty 84% (45/53). 
Table 1 
OPG - normal versus abnormal 
angiography OPG 
normal abnormal total 
stenosis <65% 
R s t . г 65% 
L s t . ?65% 
b i l a t . s t . г 65% 
total 
45 
0 
1 
2 
48 
R 
1 
19 
0 
5 
25 
L 
5 
1 
24 
3 
33 
b i l a t . 
2 
0 
0 
5 
7 
53 
20 
25 
15 
113 
The tests were false posit ive in 12%, and false negative in 6%. 
However, d i f f e r e n t invest igators use d i f f e r e n t c r i t e r i a f o r a normal 
versus abnormal OPG, indicat ing d i f f e r e n t percentages of diameter 
reduct ion at angiography. This is one of the reasons OPG results 
v a r y in l i t e r a t u r e r e p o r t s . 
Eikelboom (1983), compared 200 OPG tests wi th d i f f e r e n t c r i t e r i a f o r 
normal and abnormal OPG t e s t s , as used by Gee, McDonald, Baker, 
O'Hara and himself, f o r an angiographical carot id stenosis of 50, 60 
and 70%. The sensi t iv i ty var ied from 70 to 95%, and the specif ic i ty 
from 70 to 94%. 
These varied results were the reason to evaluate the c r i t e r i a f o r an 
abnormal OPG used in th is s t u d y . To minimize the possibi l i ty of 
missing a carot id stenosis, the sensi t iv i ty must be h i g h , with a mini­
mum of false negative tests, but not so low that the specif ic i ty is 
inacceptable and false posit ive tests occur too f r e q u e n t l y . 
In th is s t u d y , the sensi t iv i ty could only improve above 95%, when the 
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specif ic i ty decreased sharply below 70% and the number of false posi-
t ive tests increased. 
The largest inaccuracy of the test was present in severe bi lateral 
carot id stenosis in combination with hyper tens ion. In 8 of the 15 
patients wi th severe bi lateral carot id stenosis, OPG prospected a 
uni lateral stenosis. These patients had systolic blood pressures above 
180 mmHg. 
The earl ier mentioned invest igators also found inaccuracy of the OPG 
test in severe hypertensive pat ients. 
Conclusion 
In detect ing an angiographical carot id stenosis of 65% diameter reduc-
t ion or more, independent of the side of stenosis, OPG had a sensi-
t i v i t y of 95% and a specif ic i ty of 84%; the tests were false posit ive in 
12% and false negative in 6%. The inaccuracy of the test increases in 
bi lateral stenosis in combination with severe hyper tens ion. The accu-
racy of OPG did not ameliorate by changing the our cr i te r ia for 
detection of a hemodynamically signi f icant stenosis. 
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CHAPTER 7 
RESULTS 
7.1 Occurrence and r isk factor analysis of cerebrovascular disease 
The occurrence and r isk factor analysis of cerebrovascular disease 
was studied in 369 asymptomatic patients wi th a carot id b r u i t , f o l -
lowed at least three months. The range of fo l low-up was 2.5 to 8 
years . As outl ined in paragraph 6.2 , the patient 's character ist ics 
available for analysis were: age, sex, r igh t or lef t-handedness, 
ischemic heart disease, ischemic per ipheral disease, diabetes mel l i tus, 
tobacco consumption, use of anticoagulants and/or antiplatelet ag-
gregat ion agents, carot id b r u i t , systolic blood pressure, and ophtha l -
mic a r te ry pressure as measured by OPG. 
22 patients developed signs of cerebrovascular disease: 
s t roke: 7 pat ients, including 1 patient wi th a subarachnoïd 
hemorrhage 
T I A : 15 pat ients, including 8 patients wi th amaurosis fugax 
Al though signs of cerebrovascular disease occurred more f requent ly in 
patients wi th a hemodynamically s igni f icant stenosis according to OPG 
(11/95 = 10.1%), than in patients wi thout a hemodynamically s ign i f i -
cant stenosis (11/274 = 4%), the di f ference was not s igni f icant (p > 
0 .05) . 
The sever i ty of cerebrovascular disease was not related to the hemo-
dynamical signif icance of an ipsilateral (table 2) or contralateral (table 
3) carot id stenosis according to OPG. 
Table 2 - Signs of cerebrovascular disease and ipsi lateral OPG results 
OPG 
normal al 
T IA 
stroke 
total 
normal 
6 
5 
11 
abnormal 
9 
2 
11 
total 
15 
7 
22 
63 
normal 
9 
5 
14 
abnormal 
6 
2 
8 
total 
15 
7 
22 
Table 3 
Signs of cerebrovascular disease and contralateral OPG results 
OPG 
T IA 
stroke 
total 
42 patients d ied ; the causes were: 
2 pat ients: stroke (thrombo-embolic) 
4 pat ients: s t roke (hemorrhage) 
22 pat ients: cardiac disease 
12 pat ients: carcinoma 
2 pat ients: renal insuff ic iency 
24 patients underwent prophylact ic carot id endarterectomy because of 
a hemodynamically s igni f icant carot id stenosis: 
8 pat ients: r i gh t carot id TEA 
9 pat ients: left carot id TEA 
5 pat ients: bi lateral simultaneous carot id TEA 
2 pat ients: simultaneous carot id and coronary 
a r te ry bypass surgery 
One patient underwent a r i gh t ver tebral endarterectomy. 
However, to evaluate the occurrence and possible predisposing factors 
for signs of cerebrovascular disease, the cumulative proport ion free 
of signs was calculated in 3 month intervals up to 5 years. 
The durat ion of patient fo l low-up was not s igni f icant ly related to age 
or sex (p > 0 . 0 5 ) . 
The cumulative proport ion signs of cerebrovascular disease was 3.8% 
at 2 years, and 8.8% at 5 years. 
Signs of cerebrovascular disease occurred more in the le f t , than in 
the r igh t hemisphere (table 4 ) . 
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Table 4 
Cumulative proport ion signs of cerebrovascular disease 
in the r i gh t and left hemisphere 
r i gh t left 
2 years 
(n=277 pat ients) 1.1% 3.2% 
5 years 
(n=33 pat ients) 3.2% 6.3% 
By evaluation of the patient character is t ics, i t tu rned out at that in 
patients wi th a systolic blood pressure higher than 160 mmHg, s ign i -
f icant ly more signs of cerebrovascular disease occur red , than in 
patients wi th a systolic blood pressure of 160 mmHg or lower (p= 
0 .02) . This was independent of age ( table 5 ) . 
Table 5 
Cumulative proport ion signs of cerebrovascular disease 
according to the f i r s t measured systolic blood pressure, 
independent of age 
140 mmHg 141-160 mmHg 160 mmHg 
n=102 n=116 n=151 
2 years 
(n=3l9) 3.1% 0.0% 7.2% 
5 years 
(n=40) 7.0% 6.5% 11.8% 
When the common carot id a r te ry is compressed, the ophthalmic a r te ry 
pressure depends on the collateral blood supply th rough the circ le of 
Wil l is, and can be measured with OPG. In this s tudy , it was i n -
vest igated whether patients developing signs of cerebrovascular 
disease had a low or high collateral ophthalmic a r te ry pressure, or 
COAP/BAP ra t io , as compared to asymptomatic pat ients. 
The COAP could be measured in 330 patients on the left s ide, i n -
c luding 16 patients wi th signs of cerebrovascular disease in the left 
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hemisphere, and in 326 patients in the r i gh t s ide, inc luding 5 pa-
t ients symptomatic in the r i gh t hemisphere (table 6 and 7 ) . 
The r igh t and the left measurements were compared to the neuro-
logical def ic i t in the homolateral hemisphere. No correlat ion was found 
between these measurements and signs of cerebrovascular disease. 
Table 
Right 
COAP 
0-20 
21-30 
31-40 
41-50 
51-60 
5 61 
Table 
Left 
COAP 
0-20 
21-30 
31-40 
41-50 
51-60 
5 61 
6 
-
mm 
7 
-
mm 
i H G 
i H g 
Signs 
n r . 
32 
7 
28 
23 
43 
193 
326 
of ce 
no 
31 
7 
28 
22 
43 
188 
319 
Signs of 
n r . 
44 
8 
29 
26 
45 
178 
330 
no 
42 
8 
25 
25 
44 
170 
314 
¡rebrovascular d 
yes 
1 
0 
0 
1 
0 
5 
7 
cerebrovascular 
yes 
2 
0 
4 
1 
1 
8 
16 
isease in the 
COAP/BAP 
0-0.10 
0.11-0.20 
0.21-0.30 
0.31-0.40 
0.41-0.50 
50.51 
disease in th 
COAP/BAP 
0-0.10 
0.11-0.20 
0.21-0.30 
0.31-0.40 
0.41-0.50 
50 .51 
r i gh t 
n r . 
3 
38 
38 
81 
103 
63 
326 
e left 
n r . 
8 
46 
45 
77 
97 
57 
330 
hemis 
no 
3 
37 
37 
80 
100 
62 
319 
hemis 
no 
8 
43 
43 
70 
95 
55 
314 
phere 
yes 
0 
1 
1 
1 
3 
1 
7 
phere 
yes 
0 
3 
2 
7 
2 
2 
16 
No correlat ion was found between the measurements and the contra-
lateral signs of cerebrovascular disease, or the occurrence of a neu-
rological def ic i t . 
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The other mentioned patient character ist ics did not s igni f icant ly i n -
f luence the occurrence of signs of cerebrovascular disease. 
Factors inf luencing the clinical outcome: 
The cumulative proport ion deaths was 6.1% at 2 years, and 20.3% 
at 5 years. 
Patients older than 60 years of age (n=207 pat ients) had a s ig -
n i f icant ly higher cumulative proport ion deaths, 29.3% at 5 years, 
than patients of 60 years of age or younger (n=162), 9.4% at 5 
years ( p < 0 . 0 5 ) . 
Male patients (n=262) had a s igni f icant ly higher cumulative pro-
port ion deaths, 26.5% at 5 years, than female patients (n=107), 
1.0% at 5 years (p=0.0006). 
The cumulative proport ion prophylact ic carot id endarterectomies 
was 5.7% at 2 years , and 9.4% at 5 years. 
Age and sex did not d i f fe r in occurrence of operat ion. 
45% of the patients (n=169) used longterm anticoagulants, wi th a 
h igher f requency for patients wi th ischemic heart disease (p= 
0.0008), and for patients wi th ischemic peripheral disease (p= 
0.0007). 
These factors have to be taken into account when conclusions are 
d rawn . 
7.2 Occurrence and r isk factor analysis of progression of stenosis 
according to OPG 
In 302 patients the init ial OPG examination was normal. This group 
was studied for the evaluation of the occurrence and r isk factor 
analysis of progression of stenosis according to OPG. 
The same statist ical analysis was used as in parapgraph 7 . 1 . 
From 302 pat ients, the number exposed to r isk at 2 years , was 228 
pat ients, and at 5 years 33 pat ients. 
The cumulative proport ion occurrence of a hemodynamically s igni f icant 
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carot id stenosis according to OPG on the r i g h t side was 6.8% at 2 
years, and 30.6% at 5 y e a r s ; on the left side 6.6% at 2 years, and 
27.2% at 5 years. 
Bi lateral stenoses were considered to be r i g h t and left stenoses as 
well ( f i g . 4 ) . 
% f i g . 4 302 patients with a normal f i r s t OPG 
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The occurrence of hemodynamically s ignif icant carot id stenosis accor­
d i n g to OPG was determined in several r i s k factor g r o u p s . 
Age 
The di f ference between patients of 60 years of age ore younger, and 
patients older than 60 years in the occurrence of hemodynamically 
s igni f icant carot id stenoses was not s iqn i f icant . 
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Table 8 
Ape -
< 6 0 
> 6 0 
Cumulat ive propor t 
left 
2 5 
5.4% 23.3% 
7.6% 26.3% 
¡on hemodynamically s igni f icant 
r igh t 
2 5 
7.6% 27.4% 
6 . 1 % 34.2% 
bi lateral 
2 5 y r s 
0.8% 4.2% 
3.3% 14.4% 
stenoses 
N 
138 
164 
Comparison of other age groups did not s igni f icant ly alter the d i f fe -
rences in occurrence of carot id stenoses. 
Sex 
The di f ference in the occurrence of hemodynamically s igni f icant ste-
noses between women and men in d i f fe rent age groups was not s ig -
n i f icant . 
Table 9 
Sex 
women : 
age < 60 
age > 60 
men: 
age < 60 
age > 6 0 
Right or 
Cumulat ive propor t 
left-
left 
2 
8.5% 
6.3% 
4.3% 
8.2% 
•handed 
5 
41.2% 
38.5% 
18.8% 
24.9% 
ness 
ion hemodynami 
r igh t 
2 
7.6% 
2.0% 
7.5% 
8.2% 
5 
13.6% 
38.5% 
3 1 . 1 % 
35.5% 
ically s igni f icant 
bi lateral 
2 
2.5% 
1.9% 
0% 
4 . 1 % 
5 y r s 
2.5% 
29.9% 
2.2% 
9.8% 
stenoses 
N 
40 
52 
98 
112 
In one patient the or ientat ion was not clear. The di f ference between 
the r igh t and lef t -handed patients in the occurrence of hemodyna-
mically s igni f icant carot id stenoses was not s igni f icant ( p > 0 . 0 5 ) . 
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Table 10 
Orientat ion-Cumulat ive proport ion hemodynamically s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
r igh t 6.2% 21.5% 6.9% 25.6% 2.0% 3.2% 264 
left 9.1% 25.9% 6.2% 41.2% 2.9% 16.2% 37 
Ischemic heart disease 
Patients with a previous history of angina pector is, myocardial i n -
farct ion or a coronary a r te ry bypass procedure were considered to 
have ischemic heart disease ( IHD) . 
The dif ference in occurrence of hemodynamically s igni f icant stenoses 
between patients wi th and without ischemic heart disease was not 
s igni f icant ( p > 0 . 0 5 ) . 
Table 11 
IHD - Cumulative proport ion hemodynamically s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
no IHD 6.4% 13.0% 7.2% 23.5% 3.1% 7.5% 108 
IHD 6.7% 34.2% 6.6% 37.9% 1.1% 9.2% 177 
Varied heart d isorders , such as aortic valve insuff ic iency and rhythm 
d isorders, were known in 17 pat ients. 
Several patients (n=14) had in t ravent r icu lar pacemakers. The occur-
rence of stenoses in this group did not d i f fe r from the patients with 
or without ischemic heart disease ( p > 0 . 0 5 ) . 
Ischemic peripheral disease 
Patients wi th complaints of claudication in termi t tens, ischemic rest 
pain or a h is tory of vascular reconstruct ive surgery for these com-
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pla in ts , were considered to have ischemic peripheral disease ( IPD) . 
The di f ference in occurrence of hemodynamically signi f icant stenoses 
between patients wi th or without per ipheral ischemic disease was not 
s igni f icant ( p > 0 . 0 5 ) . 
Table 12 
IPD - Cumulative proport ion hemodynamically signi f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
no IPD 4.8% 24.2% 6.1% 41.8% 1.3% 11.7% 157 
IPD 8.5% 28.4% 7.7% 20.9% 3.1% 5.8% 143 
Two patients were known wi th thrombangit is obl i terans, and in these 
patients no progression of stenosis was recorded. 
Combined ischemic heart disease and ischemic peripheral disease 
53 patients had no ischemic heart or per ipheral disease, and 246 
patients had ischemic heart or peripheral disease. 
The di f ference in occurrence of hemodynamically signi f icant stenoses 
between patients wi th and without ischemic heart or peripheral disease 
was not s igni f icant ( p > 0 . 0 5 ) . 
Table 13 
I HP or IPD - Cumulative proport ion hemodyn. signi f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
no IHD/IPD 6.5% 15.7% 4.2% 22.6% 1.9% 7.1% 53 
IHD/IPD 6.4% 27.8% 7.4% 32.8% 2.2% 8.6% 246 
72 patients had both ischemic heart and per ipheral disease, and 227 
patients not . 
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The occurrence of hemodynamically s igni f icant stenoses in the left 
carot id a r te ry was s igni f icant ly higher (p=0.01) in patients wi th 
ischemic heart and per ipheral disease, than in patients wi thout th is 
combination of disease. 
For the occurrence of hemodynamically s igni f icant stenoses on the 
r i gh t side or on both sides, the di f ference in occurrence between the 
two groups of patients was not s ign i f icant . 
Table 14 
I HP and IPD - Cumulative propor t ion hemodyn. s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y r s N 
no IHD/IPD 5.3% 20.3% 7.2% 34.8% 2.3% 9.9% 227 
IHD/IPD 10.5% 42.1% 5.9% 19.9% 1.4% 3.3% 72 
Diabetes mellitus 
30 patients had diabetes mellitus (DM) . A classif ication in oral ly 
regulated and insul ine-dependent patients was not made, otherwise 
the groups would be too small for stat ist ical analysis. 
Age and sex d is t r ibu t ion in patients wi th diabetes mellitus d id not 
d i f fe r from other pat ients. 
Patients wi th diabetes mellitus developed more often a hemodynamically 
s igni f icant stenosis than patients without diabetes mel l i tus. Only for 
the left side signif icance was reached (p=0.004). 
Table 15 
DM - Cumulative proport ion hemodynamically s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
5.2% 22.6% 5.9% 27.1% 2.6% 4.6% 272 
19.1% 29.2% 14.9% 32.1% 7.1% 27.8% 30 
no DM 
DM 
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Tobacco consumption 
Patients were asked about the i r smoking habits at the en t ry of the 
s tudy . I f the patient stopped smoking, the time of cessation was 
noted. For stat ist ical analysis, patients were div ided into three cate-
gor ies: patients who had never smoked, patients who stopped smoking 
and patients who were st i l l smoking. Three patients were not classi-
f i ed : two chewed tobacco and one sometimes smoked a pipe. 
No s igni f icant di f ference in occurrence of hemodynamically s igni f icant 
stenoses between the groups was found ( p > 0 . 0 5 ) . 
Table 16 
Smoking Cumulative proport ion hemodyn. s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
no smoking 7.4% 19.5% 4.7% 13.2% 4.7% 10.1% 43 
stop 6.9% 12.7% 7.6% 22.4% 2.3% 2.3% 100 
smoking 6.1% 30.1% 6.9% 37.5% 1.3% 10.0% 156 
Anticoagulants 
Patients, who used anticoagulants (Sintrommitis or Marcoumar), even-
tua l ly in combination wi th antiplatelet aggregation agents (Persant in ) , 
were compared with patients not using anticoagulants. 
Two patients were excluded because they only used Asp i r i n . 
The occurrence of uni lateral hemodynamically s igni f icant stenoses was 
s igni f icant ly higher in ant icoagulant- treated patients ( le f t carot id p= 
0.019, r i gh t carot id p=0.016). The di f ference in occurrence of a 
hemodynamically s igni f icant bi lateral stenosis between the two groups 
was not s ign i f icant . 
Patients wi th a h is tory of cardiovascular surgery used s igni f icant ly 
more Coumarin (p=0.0001), than patients wi thout such a h is to ry . 
Apparen t ly , atherosclerosis more f requent ly affected the carot id 
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ar te ry in these pat ients, than in other patient categories. Ant icoagu-
lants d id not al ter th is t r e n d . 
Table 17 
Anticoagulants - Cumulative proport ion hemodyn. s igni f icant stenoses 
left r i gh t bi lateral 
2 5 2 5 2 5 y rs N 
no anticoag. 5.1% 20.7% 4.3% 25.2% 2.1% 7.7% 159 
ant icoag. 8.2% 28.5% 9.6% 36.3% 2.2% 7.6% 141 
Carot id b ru i t 
The occurrence of a uni lateral hemodynamically s igni f icant stenosis 
was higher in patients wi th a uni lateral b ru i t on the same side, 
compared wi th patients wi thout a b ru i t on the same side. Only the 
di f ference in occurrence in patients wi th a uni lateral b ru i t on the left 
carot id b i furcat ion was signi f icant ( p < 0 . 0 5 ) . 
Table 18 
B ru i t L Cumulative proport ion hemodyn.signi f icant stenoses Bru i t R 
left r igh t bi lateral 
N 2 5 2 5 2 5 y rs N 
yes 74 10.2% 32.5% 7.3% 19.5% 2.8% 15.5% 74 no 
no 110 2.1% 7.9% 6.8% 42.7% 0.9% 5.1% 110 yes 
Systolic blood pressure 
The systolic blood pressure, measured dur ing the f i r s t examination of 
the pat ient , was evaluated as r isk factor for progression of carot id 
stenosis. In the analysis, d i f fe rent age groups were d is t ingu ished. 
Hypertensive pat ients, 60 years or younger , developed more stenoses 
than normotensive pat ients, but th is was not s igni f icant (p5>0.05) for 
the d i f ferent categories of systolic blood pressure (140 mmHg or 
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lower, 141-160 mmHg, above 160 mmHg). 
In patients older than 60 years of age wi th a systolic blood pressure 
above 160 mmHg, the occurrence of a hemodynamically s igni f icant 
stenosis on the r i gh t or left side was s igni f icant ly higher ( le f t p= 
0 .021, r i gh t p=0.025), than in patients wi th a systol ic blood pressure 
of 160 mmHg or lower. 
The number of pat ients, who developed a bi lateral stenosis wi th a 
blood pressure below 160 mmHg, was minimal. 
Table 19 
Systolic blood pressure-Cumul .propor t ion hemodyn.s igni f icant stenoses 
<140 mmHg: 
<60 y rs 
>60 y rs 
141-160 mmHg: 
<60 y rs 
>60 y rs 
>160 mmHg: 
^60 y rs 
>60 y rs 
left 
2 
5.6% 
0.0% 
2.5% 
3.9% 
8.9% 
13.4% 
5 
27.2% 
12.2% 
10.9% 
6.6% 
34.6% 
41.5% 
r igh t 
2 
7.4% 
0.0% 
9.3% 
1.9% 
5.7% 
11.5% 
5 
22.0% 
13.8% 
25.5% 
26.4% 
33.8% 
48.1% 
bilateral 
2 
0.0% 
0.0% 
0.0% 
1.9% 
2.9% 
5.7% 
5 y r s 
0.0% 
0.0% 
0.0% 
1.9% 
8.0% 
26.3% 
N 
57 
34 
46 
53 
35 
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If categories of patients wi th a systolic blood pressure above 160 
mmHg were d is t ingu ished, the di f ference in cumulative proport ion 
became more apparent . 
A uni lateral abnormal OPG as a r isk factor for a contralateral abnormal 
OPG. 
Patients having an ini t ial unilateral abnormal OPG were compared with 
patients wi th an init ial normal OPG. The earl ier mentioned patient 
character ist ics were evaluated. 
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It appeared, that the f i r s t group did not have a higher r isk of the 
development of a contralateral OPG, than the second g roup . 
7.3 Collateral ophthalmic ar te ry pressure (CPAP) 
When a carot id a r te ry stenosis slowly develops, the collateral c i r cu -
lation to the threatened hemisphere wil l increase. This opinion is 
general ly accepted, bu t has never been prospect ively invest igated. 
In th is s tudy , 302 patients could be evaluated wi th an ini t ia l normal 
OPG and an average fol low-up of 1074 days (median fol low-up 967 
days, minimum 119 days, maximum 2724 days ) . 
I t was evaluated whether or not the indiv idual COAP and the systolic 
brachial a r te ry pressure changed du r ing fo l low-up of patients who did 
not develop OPG cr i ter ia fo r a hemodynamically s igni f icant stenosis. 
The results of 182 patients could be studied on the r i gh t side and 
those of 181 patients on the left side. 
Dur ing fol low-up the COAP changed on the r i gh t (p=0.02) and left 
(p=0.04) side, but the COAP/BAP rat io was stable. 
Right COAP standardized for evaluation in patients not developing 
a hemodynamically s igni f icant stenosis 
cases 
182 
ties 
12 
72- ranks 
mean 79.69 
Left COAP standardized for evaluation in pat 
a hemodynamically s igni f icant stenosis 
cases 
181 
Right COAP/BAP 
ing a hemodynamii 
cases 
181 
ties 
10 
standardized for 
:al ly s igni f icant 
ties 
2 
75- ranks 
mean 80.47 
• evaluation in 
stenosis 
84- ranks 
mean 92.19 
ients 
98+ ranks 
mean 89.77 
n o t developing 
96+ ranks 
mean 90.32 
patients not develop-
96+ ranks 
mean 89.02 
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Left COAP/BAP standardized for evaluation in patients not develop-
ing a hemodynamically s igni f icant stenosis 
cases ties 84- ranks 90+ ranks 
181 4 mean 83.91 mean 93.92 
Patients in whom a uni lateral hemodynamically s igni f icant carot id 
stenosis occur red , standardized for evaluat ion, had an unchanged 
COAP/BAP ratio on the side of stenosis progression. However, the 
COAP/BAP rat io on the contralateral side of stenosis progression de-
creased s igni f icant ly (p=0.005). 
This phenomenon was standardized for evaluation and was independent 
of the side of the carot id stenosis. 
COAP/BAP standardized for evaluation in patients developing a homo-
lateral hemodynamically s igni f icant stenosis 
cases ties 18- ranks 26+ ranks 
44 0 mean 23.29 mean 21.88 
COAP/BAP standardized for evaluation in patients developing a cont ra-
lateral hemodynamically s igni f icant stenosis 
cases ties 29- ranks 16+ ranks 
45 0 mean 24.03 mean 21.13 
Apparen t l y , the potential collateral blood supply th rough the circle of 
Willis is a f ixed en t i t y . 
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CHAPTER 8 
DISCUSSION AND CONCLUSION 
In the natural h is tory of cerebrovascular disease the fol lowing aspects 
are important and wil l be discussed: 
The clinical signif icance of a b ru i t over the carot id b i r fuca t ion . 
The clinical signif icance of a carot id stenosis. 
Risk factors fo r the occurrence of a carot id stenosis. 
The role of the collateral opthalmic a r te ry pressure. 
8.1 The clinical signif icance of a b ru i t over the carot id bi fucat ion 
In a number of s tudies, as well as in th is one, i t has been establ ish-
ed , that l istening to a b r u i t over the carot id a r te ry b i furcat ion wi th a 
stethoscope is an insensit ive method to establish the presence or 
absence of extracranial vascular disease, and to determine the sever i -
t y of a carot id a r te ry stenosis. For th is reason, among patients wi th 
a higher r i sk of extracranial vascular disease, other r isk factors must 
be simultaneously looked f o r , such as the cl inical manifestation of 
ischemic heart and peripheral vascular disease. Hereby, i t is assumed 
that atherosclerosis is a generalized vascular disease. Af ter manifesta-
t ion in one part of the body, i t wil l sooner or later affect other parts 
of the body (Barnes - 1981, Hennerici - 1982). 
Nontheless, the fact remains that the only two epidemiological longi-
tudinal cohort studies on the clinical importance of a carot id b ru i t 
(Heyman - 1980, Wolf - 1981) demonstrate that patients wi th a carot id 
b ru i t have s igni f icant ly more T IA 's and strokes than patients wi thout 
a carot id b r u i t . However, the b ru i t has no predict ive value for the 
localization of the neurological def ic i t . Greenhalgh (1983) compared 
patients wi th a carot id b ru i t wi th a matched control g roup , and found 
s igni f icant ly more symptoms of a neurological def ic i t in the f i r s t 
g roup , than in the second g roup . A similar comparison between 
patients wi th and wi thout a carot id b r u i t is not possible in th is 
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s t u d y , because the selection c r i t e r i o n was the presence of a carot id 
b r u i t . However, in the s tudy i t was possible to compare patients wi th 
ischemic heart or per ipheral disease (n=303) wi th patients wi thout 
these disorders (n=66). There was no di f ference in occurrence of 
Τ I A's and strokes. 
However, the second group of patients used less anticoagulants than 
patients wi th ischemic heart and peripheral vascular disease. T h e r e ­
f o r e , i t would be misleading to draw any conclusions from t h i s com­
par ison. 
In t h i s s t u d y , i t was f u r t h e r examined whether the presence of a 
carot id b r u i t more f r e q u e n t l y led to the occurrence of an abnormal 
OPG as an indication of a hemodynamically s igni f icant stenosis. 
I t appeared, that a hemodynamically s igni f icant carot id stenosis oc­
c u r r e d more often on the side of the b r u i t , than on the side where 
no b r u i t was heard over the b i f u r c a t i o n . A simple explanation could 
be, that a carot id stenosis between 40 to 65% may cause a b r u i t , but 
not an abnormal OPG. In the event of progressive atherosclerosis, 
such a stenosis w i l l , according to the OPG, give an earl ier indication 
of a hemodynamical s igni f icant stenosis, than a small vascular lesion, 
which causes no b r u i t . 
In th is s t u d y , a b r u i t over the left carot id a r t e r y b i furcat ion had a 
s ign i f icant ly greater p r o b a b i l i t y of developing an abnormal OPG than a 
b r u i t over the r i g h t carot id a r t e r y b i f u r c a t i o n . This phenomenon is 
not mentioned in other studies, and there exists no scientif ic expla­
nation of th is observat ion. 
When one carot id a r t e r y had been occluded and there was no serious 
stenosis in the other carot id a r t e r y , a b r u i t was nontheless sometimes 
heard over the patent carot id b i f u r c a t i o n . This could be caused by an 
increase in the blood flow required f o r the collateral blood s u p p l y . 
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When the b ru i t is not heard , the collateral blood supply could be 
compensated for in some other way. It appeared that by compressing 
the patent carot id a r t e r y , the collateral ophthalmic a r te ry pressure 
was s igni f icant ly lower in the presence of a b r u i t , than when no b ru i t 
was heard over the b i fu rca t ion . This f ind ing supports the theory on 
the increased or constant flow ve loc i ty , which may cause a b ru i t in 
the patent carot id a r t e r y , opposite to a carot id occlusion. 
8.2 The clinical signif icance of a carot id stenosis 
When examining the importance of a carot id a r te ry stenosis in the 
development of a cerebral in fa rc t ion , a d ist inct ion must be made 
between those patients who have already had a cerebral infarct ion and 
those who have not . 
Only prospect ive studies can be compared wi th each other on th is 
po in t . 
To date, the results have been publ ished of f i ve studies on patients 
who are asymptomatic, but probably have an increased probabi l i ty of 
extracranial ar ter ia l disease. Three studies had as the i r selective 
cr i ter ion the presence of a carot id b ru i t (Cul len - 1983, Greenhalgh -
1983, Gut t ierrez - 1983); the other two studies selected patients on 
the basis of ischemic heart and per ipheral ar ter ia l disease (Barne -
1981, Hennerici - 1982). 
These f ive studies examined a total of 944 patients by means of va-
rious non- invasive diagnostic techniques, wi th an average fol low-up of 
1 to 3 years. 
Barnes (1981), Cullen (1983), Greenhalgh (1983), and Gutt ierrez 
(1983) d id not repor t whether the i r patients made use of any an t i -
coagulants. 
In the i r studies, T IA 's and strokes occurred more f requent ly in pa-
t ients wi th a carot id stenosis, than in those wi thout one. In Gut t ie r -
rez' and Greenhalgh's s tudies, this di f ference is s igni f icant ( p < 0 . 0 5 ) , 
despite the short fo l low-up. A t the same t ime, the sever i ty of cere-
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bral in farct ion increases wi th the increase of sever i ty of the homo-
lateral stenosis. 
More than 90% of the patients in the s tudy of Hennerici (1982) used 
platelet aggregation inh ib i tors (Persant in ) ; in his s tudy , only patients 
wi th a combined carot id and ver tebra l stenosis on the same side, 
experienced s igni f icant ly more neurological def ic i ts than the other 
pat ients. 
In the present s tudy , 369 patients were fol lowed, of whom 169 used 
anticoagulants wi th or wi thout antiplatelet aggregation agents, and 198 
d id not use ant icoagulants. In both groups the presence or absence 
of a hemodynamically s igni f icant carot id stenosis did not s igni f icant ly 
inf luence the occurrence of neurological def ic i ts . 
There are two factors inf luencing the clinical outcome. F i rs t l y , there 
was s igni f icant ly more ischemic heart and vascular disease in the 
group using ant icoagulants. Secondly, du r i ng fo l low-up, a p rophy-
lactic carot id desobstruct ion was carr ied out on 24 pat ients, because 
of the development of a hemodynamically s igni f icant carot id stenosis. 
When this last group had experienced neurological def ic i ts if they had 
not been operated upon, the balance would have worked to the d is -
advantage of the hemodynamically important carot id stenosis. 
8.3 Risk factors for the occurrence of carot id stenosis 
In th is s tudy the fol lowing r isk factors for the development of a 
hemodynamically s igni f icant stenosis, according to OPG, could be eva-
luated: age, sex, r i gh t or lef t -handedness, ischemic heart and pe r i -
pheral ar ter ia l disease, diabetes mel l i tus, tobacco consumption, an t i -
coagulants, and antiplatelet aggregation therapy , carot id b ru i t and 
systolic brachial a r te ry pressure. 
Evaluation of this r isk factor combination had not , unt i l now, been 
mentioned in other studies. 
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The two major conclusions from the present s tudy are: 
- In the f i r s t place, in patients older than 60 years of age, i t ap-
peared that progression of a carot id stenosis occurred s igni f icant ly 
more f requent ly in patients wi th a systol ic blood pressure above 160 
mmHg, than in those wi th a systolic blood pressure of 160 mmHg or 
lower. This di f ference d id not occur in patients younger than 60 
years of age, and there was no male or female predisposi t ion. 
- Secondly, progression of a carot id stenosis occurred s igni f icant ly 
more f requent ly in patients using anticoagulants than in those who 
d id not . 
However, these anticoagulants were used s igni f icant ly more f requent ly 
by patients wi th serious ischemic heart and per ipheral ar ter ia l d is -
ease. 
In other words, serious ischemic heart and per ipheral ar ter ia l disease 
go hand- in-hand wi th an increased r isk of progression of carot id 
stenosis; the present anticoagulants (Coumarin and Persant in) do not 
prevent th is progress ion. 
Relations wi th other r isk factors could not be demonstrated. 
8.4 The role of the collateral ophthalmic a r te ry pressure 
It appears that the collateral ophthalmic a r te ry pressure was not 
s igni f icant ly related to the occurrence of signs of cerebrovascular 
disease. 
The collateral ophthalmic a r te ry pressure decreased s igni f icant ly when 
on the contralateral side a hemodynamically s igni f icant carot id stenosis 
developed. This also applied to the collateral ophthalmic/brachial 
a r te ry pressure ra t io , standardized for evaluat ion. 
The collateral ophthalmic ar te ry pressure and the ratio wi th the 
brachial a r te ry pressure, standardized for evaluat ion, did not change 
s igni f icant ly when a hemodynamically s igni f icant carot id stpnosis 
developed on the same side. 
Other data about collateral ophthalmic a r te ry pressure dur ing fol low-
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up are not published. Our findings suggest that, embryology is the 
limiting factor of the potential collateral circulation through the circle 
of Willis. The compensation for collateral circulation is from other 
collateral path-ways, such as the external carotid artery. 
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SUMMARY 
Chapter 1 
From September 1975 until April 1981, 405 asymptomatic patients were 
referred to the vascular laboratory of the St. Antonius Hospital, 
formally in Utrecht, for evaluation of a bruit over de carotid bifur­
cation by way of OPG. These patients were clinically examined an­
nually, and OPG examination was repeated. 
The aim of this investigation was twofold: 
To identify patients with an increased risk of exhibiting signs of 
cerebrovascular disease and/or progression of atherosclerosis in 
the carotid artery. 
To evaluate the clinical importance of the ophthalmic artery 
pressure during progression of obstructive carotid disease. 
Chapter 2 
The embryology and anatomy of the cerebral arterial system is des­
cribed. Based on autopsies and radiographical studies, an outline is 
given of the anatomical variations. The collateral circulation and the 
factors influencing this circulation are discussed. 
Chapter 3 
An established and accepted classification of the clinical manifestations 
of cerebrovascular diseases had been compted by the Advisory Coun­
cil of the National Institute of Neurological and Communicative Dis­
orders and Stroke from the National Institutes of Health (USA, 1975). 
This outline has served as a guide in the description of signs of 
cerebrovascular diseases. ' * * Ч * * £ * $ & > *** 
Chapter 4 
Neurovascular examination comprises inspection, palpation and aus-
cultation, if necessary, supplemented by non-invasive diagnostic 
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techniques and angiography. The various methods are descr ibed. 
With regard to auscul tat ion, based on a l i te ra ture review, i t is con-
cluded that the presence of a b r u i t over the carot id a r te ry b i f u r -
cation is related to angiographical ly demonstrated abnormalities of the 
carot id arter ies in 70-90% of the cases. However, the absence of a 
carot id b ru i t does not exclude obst ruct ive arter ia l disease. 
The importance of OPG as an indi rect non- invasive diagnostic test is 
described in the l igh t of a review of the basic pr inciples of the 
spectrum of recent ly developed non-invasive diagnostic techniques. 
Together , the execution and clinical appl icabi l i ty of OPG are d is -
cussed. 
Chapter 5 
The epidemiology of cerebrovascular disease is discussed on the basis 
of l i terature on mortal i ty and morb id i ty . Over the last few years 
there has been a decline in mortal i ty from cerebrovascular disease. 
Nontheless, cerebrovascular disease is the t h i r d largest cause of 
death in the industr ia l ized wor ld , after cardiac disease and cancer. 
The morbid i ty of cerebrovascular disease is discussed in the l ight of 
data on clinical and/or population studies on patients wi th a stroke 
a n d / or a T I A . 
From the results of prospect ive studies on asymptomatic pat ients, not 
using anticoagulants or platelet aggregation inh ib i to rs , yet wi th 
extracranial ar ter ia l disease, i t appears, that these patients have a 
h igher r isk of signs of cerebrovascular disease, than patients wi thout 
these condit ions. The most important r isk factor for the development 
of these signs appears to be diastolic and systol ic hyper tens ion, 
whether or not fo com1blr^an?W$tfi' cfiabetes mellitus or ischemìe heart 
and per ipheral ar ter ia l disease. 
Chapter 6 
The descr ipt ion of the method of invest igat ion is begun wi th the 
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criteria for patient selection and discharge. The history and physical 
examination of the patient should not demonstrate any signs of cere-
brovascular disease; a carotid bifurcation bruit had to be heard, and 
no contra-indications to OPG should exist. Follow-up of the patient 
was discontinued if any signs of cerebrovascular disease occurred, 
the patient died, a prophylactic carotid endarterectomy was performed 
or if the patient refused further cooperation. 
Statistical analysis was performed with the SPSS-package. The Krus-
kal Wallice test was used for continuous variables, and the Wilcoxon 
matched-pairs test in intra-patient comparison; for categoral data the 
Chi-square test, and for survival data the Lee-desu statistic. Sur-
vival was estimated with the actuarial method. The risk factors ex-
amined were age, sex, right- or left-handedness, ischemic heart and 
peripheral arterial disease, diabetes mellitus, tobacco consumption, 
anticoagulant therapy, systolic blood pressure, and the ophthalmic 
artery pressure, as measured by OPG with and without carotid com-
pression. 
From September 1975 until April 1981, 405 asymptomatic patients with 
a carotid bifurcation bruit were selected. Follow-up ended in Septem-
ber 1983. 1422 OPG examinations were performed. The day of the last 
examination or the day one of the criteria for discharge arised, was 
considered to be the last day of follow-up. In 32 patients, follow-up 
was discontinued within 3 months, because of death (n=4) or prophy-
lactic carotid endarterectomy (n=32); 369 patients were followed at 
least 3 months. 
A description of the division of the risk factors of this patient group 
is given. A systolic blood pressure higher than 160 mmHg occurred 
significantly more often in patients older than 60 years. Anticoagulant 
therapy was prescribed significantly more often in the presence of 
ischemic heart and peripheral arterial disease. Other significant 
correlations in the risk factors were not demonstrated. 
The physicians, who referred their patients to the vascular laboratory 
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fo r evaluation of a carot id b i furcat ion b r u i t , sometimes had an ad -
dit ional EEG and/or catheter angiography per formed. Out of 225 
asymptomatic pat ients, the EEG of one pat ient indicated the presence 
of cerebrovascular d isorders . When EEG disorders occurred dur ing 
carot id compression, the ophthalmic a r te ry pressure , as measured by 
OPG, was found to be s igni f icant ly lower on the side of the compres-
s ion, than when no EEG disorders occur red . 
Ex t ra - and intracranial cerebral ar ter iography was performed on 113 
pat ients. The cause of the b ru i t over the carot id a r te ry could be 
angiographical ly demonstrated in 98% of the pat ients. A uni lateral 
b r u i t d id not exclude contralateral occlusive disease. In these cases, 
no correlat ion was demonstrated with systolic hyper tens ion. The 
hemodynamical consequences for an open internal carot id ar te ry wi th 
an occlusion of the contralateral side is suggested by the presence of 
a b r u i t . This hypothesis was supported by the results of OPG dur ing 
compression of the patent carot id a r t e r y . The collateral ophthalmic 
a r te ry pressure was s igni f icant ly lower in patients wi th a b ru i t over 
the carot id b i fu rca t ion , than in patients without a b r u i t . The OPG 
test had a sensi t iv i ty of 95%, and a speci f ic i ty of 84%, with 12% false 
posit ive tests and 6% false negative tests in detect ing an angiogra-
phical ly demonstrated carot id stenoses of 65% diameter reduct ion or 
more, regardless of the location of the stenosis. The largest inaccu-
racy of the test occurred with bi lateral collateral stenoses in combi-
nation with systolic hyper tens ion. By changing the cr i ter ia for an 
abnormal OPG, the results did not improve. 
Chapter 7 
The resul ts of th is s tudy are contained in three major par ts . 
In the f i r s t pa r t , the occurrence and analysis of r isk factors for 
developing signs of cerebrovascular disease, are summarized. The 
cumulative proport ion signs of cerebrovascular disease was 3.8% at 2 
years (n=277), and 8.8% at 5 years (n=33). Cerebrovascular disease 
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occurred twice as often in the left hemisphere as in the r i gh t hemi-
sphere. Regardless of age, patients wi th a systol ic blood pressure 
above 160 mmHg s igni f icant ly more often developed signs of cerebro-
vascular disease, than patients wi th a systol ic blood pressure of 160 
mmHg or lower. The ophthalmic a r te ry pressure , measured dur ing 
carot id compression, had no s igni f icant correlat ion wi th the develop-
ment of signs of cerebrovascular disease in absolute value, as well as 
in rat io wi th the systol ic brachial a r te ry pressure . In the other 
evaluated r isk fac tors , a correlat ion was not demonstrated e i ther . 
Three important factors inf luenced the clinical resu l ts : 
The cumulative proport ion deaths was 6.1% at 2 years , and 20.3% 
at 5 years . In males, and in patients older than 60 years of age, 
the cumulative proport ion deaths was s igni f icant ly h igher than in 
the other pat ients. 
The cumulative proport ion prophylact ic carot id endarterectomies 
was 5.7% at 2 years , and 9.4% at 5 years ; age and sex did not 
inf luence the resu l ts . 
Longterm anticoagulants were given to 45% of the pat ients, who 
mainly suf fered from ischemic heart and peripheral ar ter ia l 
disease. 
In the second par t of th is chapter, the occurrence and r isk factors 
are summarized for the development of a carot id stenosis according to 
OPG in 302 patients wi th an in i t ia l ly normal OPG. The cumulative 
proport ion occurrence of hemodynamically s igni f icant carot id stenosis 
according to OPG on the r i gh t side was 6.8% at 2 years, and 30.6% at 
5 years ; on the left side 6.6% at 2 years , and 27.2% at 5 years. The 
development of a carot id stenosis according to OPG was s igni f icant ly 
related to patients older than 60 years of age wi th a systolic blood 
pressure above 160 mmHg. In patients of 60 years or younger , this 
relation was not demonstrated. 
Patients using anticoagulants developed more hemodynamically s ign i -
f icant carot id stenoses, than patients not using these agents. How-
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ever, the majority of patients in the f i rst group had ischemic heart 
and/or peripheral arterial disease. 
The th i rd part of this chapter contains the follow-up results of the 
ophthalmic artery pressure during carotid compression, called the 
collateral ophthalmic artery pressure (COAP). The ratio of the COAP 
with the brachial artery pressure (BAP) was stable during follow-up 
in patients, who did not develop a hemodynamically significant ste-
nosis according to OPG. The absolute COAP was not stable. In pa-
tients developing a unilateral hemodynamically significant stenosis 
according to OPG, the contralateral COAP/BAP ratio decreased signi-
ficantly, but the homolateral ratio did not change during follow-up. 
Chapter 8 
According to literature and the most important findings in chapter 6 
and 7, the following is discussed. 
The clinical significance of a bruit over the carotid bifurcation. 
The clinical significance of a carotid stenosis. 
Risk factors for the occurrence of a carotid stenosis. 
The role of the collateral ophthalmic artery pressure. 
The conclusions are: 
Auscultation of a bruit over the carotid bifurcation is an insen-
sitive method to detect extracranial arterial disease. 
Signs of cerebrovascular disease occur more frequently on the 
side of a hemodynamically significant stenosis. This also hap-
pened in the present study, but a significant correlation could 
not be demonstrated. 
A systolic blood pressure above 160 mmHg, regardless of age, is 
a significant risk factor for the development of signs of cere-
brovascular disease. 
Systolic hypertension and ischemic heart and/or peripheral 
arterial disease increase the probability of developing a carotid 
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Stenosis. The use of anticoagulants does not change th is pheno-
menon. No other data about r i sk factors for progression of 
asymptomatic carot id disease have been publ ished. 
The COAP/BAP rat io , standardized for evaluat ion, did not 
change in patients developing a homolateral hemodynamically 
s igni f icant stenosis according to OPG. To date, a similar i n -
vestigation has not been publ ished. The conclusion is , that the 
collateral c irculat ion in the Circle of Willis does not adapt i tsel f , 
and that compensation for the collateral c i rculat ion has to come 
from other ar ter ies , such as the external carot id a r t e r y . 
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SAMENVATTING 
Hoofdstuk Τ 
Van september 1975 tot apr i l 1981 werden 405 patiënten zonder te -
kenen van cerebrovasculaire aandoeningen verwezen naar het vaat-
laboratorium van het St . Antonius Ziekenhuis, desti jds te Ut recht , ter 
evaluatie van hun geruis over de a. carotis b i fu rcat ie , met behulp 
van oculopneumoplethysmografie (OPG). Deze patiënten werden jaar-
l i jks kl in isch onderzocht en het OPG-onderzoek werd herhaald. 
Het doel van d i t onderzoek was tweeledig: 
Het ident i f iceren van patiënten met een verhoogd risico voor 
tekenen van cerebrovasculaire aandoeningen en/of progressie van 
athérosclérose in de a. carot is . 
De evaluatie van het kl inische belang van de a. ophthalmica 
bloeddruk t i jdens progressie van obstruct ie f vaatl i jden van de a. 
carot is . 
Hoofdstuk 2 
De embryologie en anatomie van het arter iële cerebrale systeem wordt 
beschreven. Aan de hand van autopsie en radiografische studies 
wordt een overzicht gegeven van de anatomische var iat ies. De colla-
terale circulat ie en de factoren welke deze circulat ie kunnen beïn-
vloeden, worden besproken. 
Hoofdstuk 3 
Een gangbare en bekende indel ing van de kl inische verschijnselen van 
cerebrovasculaire afwi jk ingen is opgesteld door de Adv isory Council of 
the National Inst i tu te of Neurological and Communicative Disorders and 
Stroke from the National Inst i tutes of Health, U.S.A. (1975). Deze 
indel ing heeft als leidraad gediend bij de beschr i jv ing van tekenen 
van cerebrovasculaire aandoeningen. 
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Hoofdstuk 4 
Neurovasculair diagnostisch onderzoek bestaat u i t inspect ie, palpatie 
en auscul tat ie, eventueel aangevuld met niet- invasieve diagnostische 
technieken en angiograf ie. De verschi l lende methoden worden be-
schreven. 
Bij auscultatie wordt aan de hand van een l i teratuuronderzoek ge-
concludeerd, dat de aanwezigheid van een geruis over de a. carotis 
b i furcat ie in 70-90% van de gevallen gepaard gaat met angiograf isch 
aangetoonde afwi jk ingen van de a. carot is . De afwezigheid van een 
geruis kan afwi jk ingen van de a. carotis echter niet u i ts lu i ten . De 
plaats van de oculopneumoplethysmografie als indirecte niet- invasieve 
diagnostische test wordt beschreven aan de hand van een overzicht 
van de basisprincipes van het scala recent ontwikkelde niet- invasieve 
diagnostische technieken. 
Vervolgens worden de u i tvoer ing en kl inische toepassingsmogeli jk-
heden van het OPG besproken. 
Hoofdstuk 5 
De epidemiologie van cerebrovasculaire aandoeningen wordt besproken 
aan de hand van l i teratuurgegevens over mortal i tei t en morbid i te i t . 
De laatste jaren is er een dalende l i jn in de ster f tec i j fers ten gevolge 
van cerebrovasculaire aandoeningen, maar nog steeds zi jn z i j , na 
hartz iekten en carcinoom, de derde doodszoorzaak in de geïndust r ia l i -
seerde were ld . De morbidi tei t van cerebrovasculaire aandoeningen 
wordt besproken aan de hand van gegevens over kl in isch en/of be-
volkingsonderzoek van patiënten met een CVA en/of een T I A . 
Uit de resultaten van prospectieve studies over pat iënten, die geen 
klachten hebben, geen ant is to l l ings- of thrombocytenaggragat ierem-
mende medicatie hebben, maar wel extracranieel obst ruct ie f vaat l i jden, 
b l i j k t , dat zij een grotere kans hebben op tekenen van cerebrovascu-
laire aandoeningen dan patiënten zonder deze voorwaarden. De be-
langr i jkste r is icofactor voor het ontstaan van klachten b l i j k t de diasto-
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lische en systolische hypertensie te z i j n , al of niet in combinatie met 
ischemisch ha r t - en per i feer vaatl i jden of diabetes mel l i tus. 
Hoofdstuk 6 
Bij de beschr i jv ing van de methode van het onderzoek wordt be-
gonnen met de cr i ter ia voor patiëntenselectie en beëindiging van 
contro le. Bij anamnese en lichamelijk onderzoek van de patiënt moch-
ten geen aanwijzingen bestaan voor cerebrovasculaire aandoeningen; 
er moest een geruis over de a. carotis b i furcat ie worden gehoord en 
er mocht geen contra- indicat ie bestaan voor OPG. De controle werd 
beëindigd wanneer klachten van cerebrovasculaire aandoeningen op-
t raden , de patiënt over leed, een profylact ische carot isdesobstruct ie 
werd ui tgevoerd of wanneer de patiënt verdere medewerking wei-
gerde. 
Het SPSS-pakket werd gebru ik t voor statische analyse; de Kruska l -
Wallice test voor continue variabelen en de Wilcoxon machted-pairs 
test voor in t rapat iëntenverge l i j k ing; de Chi-square test voor cate-
gorale data en de Lee-desu stat ist iek voor over lev ingsdata. De over-
leving werd actuarieel berekend. De onderzochte r isicofactoren waren 
leef t i jd , geslacht, rechts- of l inkshandigheid, ischemisch ha r t - en 
per i feer vaat l i jden, diabetes mel l i tus, rookgewoonten, onts to l l ings-
therap ie , systolische bloeddruk en de a. ophthalmica b loeddruk, 
gemeten met OPG en zonder carotiscompressie. 
Van september 1975 tot apr i l 1981 werden 405 k lachtenvr i je patiënten 
met een geruis over de a. carotis b i furcat ie geselecteerd. De controle 
werd beëindigd in september 1983. Er werden 1422 onderzoeken ver -
r i ch t . De laatste dag van het onderzoek of de dag waarop één van de 
cr i ter ia voor ui tval onts tond, werd beschouwd als de laatste dag van 
de controle. 
Bij 32 patiënten werd de controle binnen dr ie maanden beëindigd 
wegens over l i jden (n=4) of een profylact ische carot isdesobstruct ie 
(n=32). 369 patiënten werden tenminste 3 maanden gecontroleerd. 
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Vervolgens wordt de verdel ing van r isicofactoren bij deze pat iënten-
groep beschreven. Een systolische bloeddruk boven 160 mmHg kwam 
signif icant vaker voor bi j patiënten ouder dan 60 jaar en ontsto l l ings-
medicatie werd signi f icant vaker voorgeschreven bi j ischemisch har t -
en peri feer vaat l i jden. Andere signif icante correlat ies binnen de 
r isicofactoren werden niet aangetoond. De ar tsen, die hun patiënten 
naar het vaatlaboratorium verwezen hadden voor evaluatie van het 
geruis over de carotis b i furcat ie , l ieten soms een aanvullend EEG 
en/of arter iogram ve r r i ch ten . Bij 225 k lachtenvr i je patiënten toonde 
het EEG in één patiënt aanwijzingen voor cerebrovasculaire aandoe-
n ingen. Wanneer bi j carotiscompressie afwi jk ingen op het EEG ont -
stonden, was de a. ophthalmica d r u k , gemeten met OPG, s igni f icant 
lager aan de zijde van de compressie dan wanneer er geen afwi jk ingen 
op het EEG ontstonden. Bij 113 patiënten werd ar ter iograf ie van de 
ex t ra - en intracraniële vaten ve r r i ch t . Bi j 98% van de patiënten kon 
de oorzaak van het geruis over de a. carotis b i furcat ie angiograf isch 
verk laard worden. Een enkelzi jdig geruis sloot contralateraal obs t ruc-
t ief vaatl i jden niet u i t . Hierbi j werd geen correlat ie aangetoond met de 
systolische b loeddruk. De hemodynamische consequentie voor een open 
a. carotis interna bij een occlusie aan de contralaterale zijde wordt 
gesuggereerd door de aanwezigheid van een geru is . Deze veronder-
stel l ing werd gesteund door de resultaten van OPG bij compressie van 
de nog open zi jnde a. carot is . De collaterale a. ophthalmica d r u k was 
signi f icant lager bi j patiënten met een geruis over hun a. carotis 
b i furcat ie dan bi j patiënten zonder geru is . Bij het opsporen van een 
angiografische carotis sténose van 65% diameterreductie of meer, onge-
acht de localisatie van de sténose, had het OPG-onderzoek een sensi-
t i v i te i t van 95% en specif ic i tei t van 84%, de testen waren vals posit ief 
in 12% en vals negatief in 6%. 
De grootste onnauwkeurigheid van de test ontstond bij dubbelzi jdige 
a. carotis stenoses in combinatie met hypertensie. Door het veran-
deren van de cr i ter ia voor een abnormaal OPG werd geen verbeter ing 
van de resultaten ve rk regen . 
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Hoofdstuk 7 
De resultaten van de studie vallen uiteen in dr ie grote onderdelen. 
In het eerste deel wordt een opsomming gegeven van het vóórkomen 
en de analyse van r isicofactoren voor het ontstaan van tekenen van 
cerebrovasculaire aandoeningen. Het cumulatief berekende percentage 
tekenen van cerebrovasculaire aandoeningen was 3.8% na 2 jaar (n=277 
pat iënten) en 8.8% na 5 jaar (n=33 pat iënten) . Cerebrovasculaire 
aandoeningen kwamen tweemaal zoveel voor in de l inker hemisfeer als 
in de rechter hemisfeer. Patiënten met een systolische bloeddruk 
boven 160 mmHg, hadden, ongeacht hun leef t i jd , s igni f icant meer 
kans op tekenen van cerebrovasculaire aandoeningen dan de overige 
pat iënten. 
De a. ophthalmica d r u k , gemeten bi j carotiscompressie, had in abso-
lute waarde en in rat io met de systolische a. brachial is d ruk geen 
signif icante correlat ie met het ontstaan van tekenen van cerebro-
vasculaire aandoeningen. Ook bij de over ige onderzochte r isicofactoren 
werd geen signif icante correlat ie aangetoond. Er waren dr ie factoren 
welke in belangri jke mate het kl inische resultaat beïnvloedden: 
Het cumulatieve percentage overledenen was 6.1% bij 2 jaar en 
20.3% bi j 5 jaar, mannelijke patiënten en patiënten ouder dan 60 
jaar hadden een signi f icant hoger cumulatief percentage dan de 
overige pat iënten. 
Het cumulatieve percentage pat iënten, die een profylact ische 
carot isdesobstruct ie onderg ingen, was 5.7% na 2 jaar en 9.4% na 
5 jaar. Leefti jd en geslacht waren niet van inv loed. 
Van de patiënten werd 45% langdur ig onts to ld ; het betrof in 
hoofdzaak patiënten met ischemisch ha r t - en/of peri feer vaat-
l i jden. 
Het tweede deel geeft een opsomming van het vóórkomen en de r is ico-
factoren voor het ontstaan van een sténose volgens OPG bi j 302 
pat iënten, die in eerste instantie een normaal OPG onderzoek hadden. 
Het cumulatieve percentage vóórkomen van een hemodynamisch s ign i -
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f icante carotis sténose volgens OPG aan de rechter zijde was 6.8% na 
2 jaar en 30.6% na 5 jaar ; aan de l inker zijde 6.6% na 2 jaar en 27.2% 
na 5 jaar . Het ontstaan van een hemodynamisch signif icante carotis 
Stenose volgens OPG kwam vaker voor bi j patiënten met een systo-
lische bloeddruk boven 160 mmHg, die ouder waren dan 60 jaar, 
vergeleken met de over ige pat iënten. Patiënten die ontstold werden 
ontwikkelden vaker een hemodynamisch signif icante sténose dan pa-
t iën ten , die niet ontstold werden. In de eerste groep waren echter 
vr i jwel alle patiënten bekend met ischemisch ha r t - en/of peri feer 
vaat l i jden. Correlaties met andere r isicofactoren konden niet worden 
aangetoond. 
Het derde gedeelte beschr i j f t de resultaten van de a. ophthalmica 
d r u k t i jdens carot is compressie. Deze d r u k wordt collaterale a. oph-
thalmica d r u k genoemd. Bij pat iënten, bi j wie geen hemodynamisch 
signi f icante carot is sténose volgens OPG onts tond, was de collaterale 
a. ophthalmica d r u k verander l i jk in het verloop van de t i j d , maar de 
collaterale a. ophthalmica d r u k / a . brachial is d r u k index was stabiel . 
Bi j patiënten bi j wie wel een hemodynamisch signi f icante carotis sté-
nose volgens OPG onts tond, daalde de collaterale a. ophthalmica 
d r u k / a . brachial is d r u k index signi f icant aan de contralaterale zi jde. 
Aan de kant waar de sténose ontstond t rad echter geen verander ing 
op in de index. 
Hoofdstuk 8 
Aan de hand van het l i teratuuronderzoek en de belangr i jkste bev in -
dingen van hoofdstuk 6 en 7 worden achtereenvolgens besproken: 
Het kl inische belang van een geruis over de a. carotis b i f u r -
cat ie. 
Het kl inische belang van een a. carotis sténose. 
De r isicofactoren voor het ontstaan van een a. carotis sténose. 
De rol van de collaterale a. ophthalmica d r u k . 
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De belangr i jkste conclusies z i j n : 
Het beluisteren van een geruis over de a. carotis b i furcat ie is 
een ongeschikte methode om extracranieel obst ruct ie f vaatl i jden 
vast te stel len. 
Tekenen van cerebrovasculaire aandoeningen komen procentueel 
vaker voor aan de kant van een hemodynamisch signif icante 
carotis sténose. Dit was eveneens het geval in deze studie, maar 
een signif icante correlat ie kon niet worden aangetoond. 
Een systol ische bloeddruk boven 160 mmHg, ongeacht de leeft i jd 
van de pat ient , is een duidel i jke r is icofactor voor het ontstaan 
van tekenen van cerebrovasculaire aandoeningen. 
Systolische hypertensie en ischemisch ha r t - en/of per i feer vaat-
l i jden verhogen de kans op het ontstaan van een a. carotis 
sténose. 
Het gebru ik van anticoagulantia brengt h ier in geen verander ing . 
Een dergel i jk onderzoek werd voor de a. carot is b i furcat ie niet 
eerder u i tgevoerd . 
De collaterale a. ophthalmica d r u k / a . brachial is d r u k index 
verander t niet wanneer in het verloop van de t i jd een hemo-
dynamisch signif icante sténose ontstaat in deze a. carot is . Een 
dergel i jk onderzoek werd niet eerder ve r r i ch t . De conclusie is , 
dat de collaterale circulat ie in de c i rke l van Willis zich niet 
aanpast en dat compensatie voor de collaterale circulat ie van 
andere localisaties komt, zoals de a. carotis ex terna. 
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STELLINGEN 
STELLINGEN behorend bij het p roefschr i f t 
"Carot id b ru i t s in asymptomatic pat ients" 
- a prospect ive fo l low-up s tudy -
door F.L. Moll 
I Niet- invasieve onderzoeksmethoden zi jn noodzakelijk bi j 
onderzoek naar het beloop van pat iënten, die verdacht 
worden van extracraniële vaatafwi jk ingen. 
II Bij onderzoek naar de oorzaak van een afs lu i t ing van de a. 
carot is , d ient rekening gehouden te worden met een trauma 
in de voorgeschiedenis van de pat iënt . 
I I I Oesobstructie van de oorsprong van de a. carotis interna 
mag niet ten koste gaan van de doorgankel i jkheid van de a. 
carotis ex te rna , aangezien de a. carotis externa een belang-
r i j ke rol speelt bij de compensatie van ger inge intracraniële 
collaterale c i rcu lat ie . 
IV Door de optelsom honderd plus de leeft i jd van de patiënt te 
gebru iken als bepaling van de normaalwaarde voor de systo-
lische b loeddruk, worden vele patiënten ten onrechte niet 
behandeld voor hyper tens ie . 
V De resultaten van intracoronaire toediening van f i b r i no l y -
t isch actieve geneesmiddelen vormen een kracht ig argument 
voor de theor ie , dat acute myocardinfarcten veroorzaakt 
kunnen worden door coronairthrombose. 
VI De mogelijke relatie tussen galsteenli jden en galblaascarci-
noom mag niet gelden als argument om electieve cholecystec-
tomie bi j oudere patiënten te ve r r i ch ten . 
VII Liesbreukoperaties bij patiënten zonder verhoogd operatie-
risico dienen in principe poliklinisch te geschieden. 
V I I I Financiering van gericht bevolkingsonderzoek naar mamma-
carcinoom is nuttiger dan financiering van frequente nacon-
trole van patiënten, die geopereerd zijn voor deze aandoe-
ning. 
IX Amputatie door de knie verdient de voorkeur boven een 
amputatie door het bovenbeen. 
X De beste methode om te vermageren is geleidelijk minder te 
eten; dit is niet alleen de meest fysiologische methode, maar 
bevordert bovendien de geestelijke discipline. 
XI Wet-snuff is het moderne alternatief van pruimtabak en is 
een alternatief voor mensen die wel willen, maar niet kun-
nen of mogen roken tijdens hun werkzaamheden. 
X I I Bij prospectief onderzoek moet onevenredig veel aandacht 
besteed worden aan zaken die niet gepubliceerd worden. 
X I I I De maatschappij heeft recht op bescherming tegen delin-
quenten, die in de zin van Art . 37 Wetboek van Straf-
recht, ontoerekenbaar verklaard zijn en niet of slechts 
tijdelijk in een krankzinnigengesticht worden opgenomen. 
J.M. Moll, 1909 
Nijmegen, 13 september 1984. 



